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NfEDM/M:
ERQCE5SJ1EE.1

RELATED SITE

APPLICABLE
CHEMICALS OF

TECHNOLOGY

ii
ii PERFORMANCE.

i
i DRAFT

SOIL COVER(In Situ Containment)

Contaminated soil or bu.-ied wastes res idt,
Geotechnical

Yes (l imited)

All chemicals of interest if suitable barrier materials areused.

Established Technology with changing modifications
Soil Covers are designed to reduce soil erosion andinhib'i dermal contact with site soil A soil cover can beeasily implemented with materials available in the sitearea. An appropriate soil cover could consist of 6 inchesof clean (non-stony) fill.
Layering is perhaps the most promising technique fordesigning a final solid waste cover. This technique entailsthe use of different materials in distinct layers to utilizetheir most favorable characteristics to reduce erosionand percolation of surface waters into the waste area. Alayered system may include topsoil, a barrier layer,buffer layer, water drainage layer, filter and gas drainagelayer.

Soils composed predominantly of clay are well suited forcovers, particularly in humid climates as theirpermeability is low. However, such soils have a tendencyto shrink and crack in dry seasons. This would reducethe covers integrity and effectiveness. Whereappropriate soils are avaiiab' * locally, costs can be keptto a minimum over the neea to transport material in forconstruction.

SOIL COVER(lo Site Containment)
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MEDlf.Vf:
PROCESS TYPE:
RELATED SITE
EXPERIENCE:
.APPLICABLE
CHE.NflCALSOF
INTEREST:

TECHNOLOGYII DESCRIPTION:

iiii
i
i DRAFT

SL'RFACE CAPPING(In Situ Containment)

Contaminated soil or buried wastes-residues
Geqtechnical. . - - - - - - - - - - - -

Yes (limited)

AJ1 chemicals of interest if suitable barrier materials areused.

Established technology with changing modifications.
Soil caps are designed to reduce soil erosion and inhibitdermal contact with site soil. AJso an effective soil cap willreduce infiltration of surface water.
With soil caps, a relatively impermeable material withsubsequent reselling and vegetation is installed. Possibleimpermeable capping materials include the following:
o Synthetic membraneso Compacted soils
o Sprayed bituminous membraneso Polyurethane foamso Sot] additives and cements
Synthetic membranes and compacted soils have been usedextensively as capping materials. Considerable experiencehas been obtained from laboratory and field testing andwaste containment applications of synthetic membranesformulated with polvvmyl chloride (PVC), chlorosulfonatedpolyethylene (HYPALON), polyethylene (?E)t high densitypolyethylene (HDPE), and chlorinated polyethylene (CPt).These materials are chemically compatible with a widerange of organic and inorganic compounds. Permeabilities(to water) are less than 1x10"' cm/sec. Resistance to tearingfrom settlement is very high because of the membranes'elongation properties and all of the synthetic materials arereadily available.

A disadvantage of the synthetic membranes is the limited"historical experience on long-term material durability.Present warranties offered by membrane manufacturers are20 to 30 years, although certain formulations might be stableindefinitely, especially if not exposed to sunlight.Uncertainties over long-term performance of membranes

SURFACE CAPPING(In Situ Containment]
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must be considered a technical limitation. For this reason,synthetic membranes will be used for capping applicationso'nly in combination with other, more reliable materials forlong-terra application.
Compacted soil caps have been constructed mainly withsoils of high clay content, which provide a low permeabilityand high plasticity. These caps can provide long-term-rel iabi l i ty for reducing rainfall percolation into waste;
however, clay soil caps are susceptible to degradation byvolatile organic compounds.
Capping materials such as polyurethane foams areengineering concepts that have not benefited from wideexperience in application. Poiyurethar.e foams have ben
used in limited cases for daily cover of sanitary landfills.However, their permeability and durability is not equal toconventional synthetic membranes.
Sprayed bituminous membranes such as kerosene cutbackasphalt can provide a low-permeability cap at a relatively
low cost. These membranes have a lesser tensile strengthand puncture resistance than synthetic materials. However,if the subbase and cover of the membrane is adequate, thesedisadvantages can be minimized. Bituminous-basedmaterials are also resistant to degradation by most inorganicliquids. However, they are more susceptible todeterioration through weathering and environmental action,and are less durable than soil caps.
Cemem-^ased caps are susceptible to cracking fromsettlement and deterioration. The cost for cement-basedcaps are equal to or greater than the cost of moreappropriate cap construction.
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MEDIUM:
PROCESS TYPE:
RELATED SITE
EXPERIENCE:

APPLICABLECHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:
DESCRIPTION:

II

II DRAFT

SLURRYTRENCH(la Situ Containment)

Contaminated soils or buried waste/residue.
Geotechnicai

Yes, common practice for restricting groundwater and earthmovement. . . . , . . . . . ~ - - ~ -

All chemicals of interest if suitable barrier materials areused.

Established Technology with changing modifications
Slurry trenches are a common form of subsurface barrierbecause they are relatively inexpensive and are effective incontrolling groundwater flows. Slurry trenches areexcavated trenches that are backfilled with a mixture ofbentonite in soil to form a low permeability zone to controlsubsurface flows. During construction the trench is heldopen by the pressure exerted by a bentonite clay slurry;hence the term "slurry trench". As such, the backfilledtrench is somewhat elastic and compressible. The mixtureof bentonite and soif can yield permeabilities in the treatedsoils to as low as IxlQ cm/sec.
Slurry trenches can be excavated to depths of 200 feet butcommon practice for trenches are up to 60 feet deep.Practical widths of the trenches arc required toaccommodate the excavating equipment and a minimumwidth of about 24 inches is common.
Solidifying of slurry trenches can be accomplished bybackfilling with a mixture of bentonite and the excavatedmaterial or the slurry can be allowed to solidify on its ownby incorporating cement to the original slurry. Due to thechanges in density and losses through seepage duringexcavation, it is important to recirculate the slurry tomaintain its integrity. Control of the slurry is maintained byrecirculating on a continuous basis through a central mixingunit where additional bentonite can be added to increasedensity or excavated material may possibly be removed.
It is an important aspect of slurry trench construction to tiethe trench into an underlying impervious zone so as toeffectively cut off the flow of groundwater or contaminants.

SLURRY TRENCH(la Situ Containment)
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depths, absence of obstacles to excavation as

iiiiiiiiiiiiiii

Another important consideration is the rhem,v,icompatibility of the slurry trench with suhluS?1
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RELATED SITEEXPERIENCE:
APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY

GROLT CURTAIN(In Situ Containmeut)

Porous soils and fractured rock treated i
Geotechn.ical

in place

Yes(limited)

of interes« if suuable

Established technology *,„ changing

ground for the purpos of
grout mixture is infected
ground surface speS4surface. Generally theyare
angle holes may be employedor project requirements * Acontrolling the horizontal and
grout to form a contiguous zonesoils. Grout mixtures(bentomtel silica^(chemical).

, uf epage barrier The
"ed frora *eu0m the 8rou"d
'he vertical bu£,fo™ed

, P'a«ment of theCem d ""PermeableCement' claVorganic polymers

Unction of severaltype to be injectedpoUutant started and(generally silicate) arenot suitable forWghbecause their gel
paniculate ccmenVbcnionSgrained soils.

" • Tn severalis a
soil

. tmie since
a
a ac

soils but areenviron«feaC!0n' A

coarse
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„. . . .*• - —a*~—,*~»—w.«u tavtui a me pressure of injection. Excessive"pressure can weaken tne strata by rfssuring rock or byopening existing fissures in closely jointed rock. Pressuremust be maintained at such a level to obtain penetration

On SituGrout Curtain
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S E M [ C I R C U L A R GROUT C U R T A I N AROUND UPGRAOIENT END OF LANDF I L L
"""""""""(Source: EPA, 1 )78 )
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MEDIUM:
PROCESS TYPE:
RELATED SITEEXPERIENCE:
APPLICABLECHEMICALS OF
INTEREST:

TECHNOLOGY
ST ATI'S:
DESCRIPTION

IIIII1II

PERFORMANCE:

II

SHEET PILES(In Situ Containment)

Contaminated soil or buried wastes/residues
Geotechnical

Yes (limited)

All chemicals of interest if suitable barrier materials are
used

Established Technology with changing modifications
Sheet piles create a physical barrier to groundwatermovement through the placement of steel, pre-cast concreteor treated wood materials into the ground. Sheet piles areinstalled by driving steel interlocking sections individuallywith a pile hammer. Pile hammer types include drop,single- action steam, double-action steam, diesel, vibratoryand hydraulic. Piles are driven to the desired depth based ondesign criteria established from subsurface investigations.When firs; installed, sheet piles are not totally impermeablebut over time fines carried by groundwater fill the smallgaps between sheets, making the structure relativelyimpermeable.
Construction of a shest pile structure is not difficult and theequipment and materials required are readily available.However, certain chemicals can attack steel and aprotective coating may be required to extend its service life.No maintenance is required following construction. Theeffectiveness of the sheet piling is dependent upon the soilspresent. Soil containing cobbles and/or construction debriscan interfere with the driving of steel sheeting piles. In soilscontaining large rocks or debris, the interlocks may separateand an ineffective barrier to groundwater flow will result.Sheet piling is used primarily for temporary de-watering ofconstruction or as erosion protection where some otherbarrier, such as a slurry wall, intersects flowing surfacewater. Concrete is useo primarily where great strength isrequired. Wood, although less expensive is an ineffectivelong-term water barrier.
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(*)
Sheet piling: (a) timber, (b)

steel (section MP 1 12 , U.S. S/ee/ Co.).
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REMOVAL TECHNOLOGIES
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MEDIUM:
PROCESS TVPr
RELATED SITE
EXPERIENCE:

APPLICABLECHEMICALS OFINTEREST-iii
TECHNOLOGYSTATUS:
DESCRIPTION

iiii
i

Pl'MPING(Groundwater Removal)

Contaminated groundwater and associated fluid oils
Physical removal

Yes, common practice for removing contaminated
ground\vaier and associated oils from" the subsurface
environment and in preventing groundwater fromintercepting a contaminated zone

AJ1 soluble organics and inorganics in the water phase alongwith those organics associated with any fluid oils present. Atrepresentative groundwater temperatures, tars are not fluidenough to be removed by pumping wells.

Established Technology with changing modifications
There are several applications of groundwater pumping tocontrol contaminated groundwater at a plant or disposalsite. Three primary applications are:

Pumping to lower a water tablePumping to contain a plumeGroundwater treatment systems
Lowering of the water table can be implemented to preventstream discharge of contaminated water, eliminate contactwith a disposal site and prevent contamination of anunderlying aquifer. Well point dewatering systems or theuse of deep wells are methods most commonly employed forlowering the water table. A well point dewatering systemconsists of a group of closely spaced wells, usually connectedto a central pump for the entire system. A deep well systemhas fewer wells but 'of larger capacity, each with its ownpump and connected to a single header pipe for removal.
Plume containment is accomplished by 1) using a series ofextraction and injection wells that will allow water within theplume to be pumped, treated and pumped back into theaquifert 2) low pumping rates to contain a plume with nosubsequent recharge to the aquifer or 3) pumping andtreatment of the plume followed by recharge using rechargebasins. Plume containment by pumping is an effectivemeans of preventing the eventual contamination of drinkingwater wells or the pollution of streams or confined aquifersthat are hydraulically connected to the contaminated
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DRAFT 1 PUMPING WELLS(Groundwater Removal)
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groundwdter. Pumping without subsequent recharge may
be acceptable where small quantities are involved ."but for
large groundwater flows or when residents depend on the
groundwater for drinking water source, recharge will be
necessary. With the extractioa'injection well technique,
consideration must be taken in design so that the radii ofinfluence do not overlap.
Containing a plume by extraction only is feasible if
groundwater withdrawal is low and the aquifer is not used as
a drinking source. Groundwater pumping with recharge
through seepage basins is similar to the extraction/injection
technique except that recharge is accomplished by naturalmeans and not artificial pressures. This type of rechargemethod is applicable if the aquifer is not used as a drinkingsource so as not to interfere with public use.
Groundwater pumping systems can be coupled withgroundwater treatment systems for specific groundwatercontamination problems. Treatment systems should beused in conjunction with pumping to lower a water table orto contain a plume.
Each type of technique or application has its own merits andsite conditions would dictate which is best suited,
Pumping wells are a long standing method of remedialaction for groundwater. Techniques are well tested both in
the lab and field. There is frequently.however, larger costsinvolved in the implementation, maintenance and operatingcosts over a long period of time for this type of method overothers. A thorough investigation ana analysis of siteconditions is required to best evaluate pumping wells as aGnal solution.
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SCHEMATIC OF A WELL POINT DEWATERING SYSTEM
(Source: Johnson, 1975 )
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INTERCEPTOR TRENCHES AND SUBSURFACE DRAINS(Groundwater Removal)

II

MEDILA! :
PROCESS TYPE:
RELVTED SITE
EXPERIENCE;

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:
DESCRIPTION:III

III
I

DRAFT

Contaminated Groundwater and associated fluid oils
Physical Removal

Yes, common practice for intercepting and removinccontaminated groundwater and associated oils from thesubsurface environment.

All soluble organics and inorganics in the water phasealong with those organics associated with the fluid oils
present. At representative groundwater temperatures,tars are not fluid enough to be removed by pumpingwells.

Established Technology with changing modifications.
Interceptor systems involve the excavation of a trenchbelow the water table (Interceptor Trenches) andpossibly the Dlacement of a pipe within the trench(Subsurface Drains). Construction is relatively simpleand involves excavation of the trench, placing perforatedpipe (if so designed) and backfilling with coarse materialsuch as gravel. Interceptor trenches can be cither active(pumpea) or passive (gravity flow). Active systems
require continual pumping to get water down to thebottom of the trench. This is accomplished by theplacement of vertical removal wells or a perforatedcollector pipe in the bottom of the trench. Passivesystems are usually left open with the installation of askimming pump for removal of the pollutant only. Allinterceptor trenches require an excavation of at feast 3to 4 feet below the water table to prevent the escape ofinflowing pollutants.
Subsurface drains involve the use of trenches withperforated pipe installed. A collector system for drainsinclude lateral drains flowing into a mam collector pipe(Header) with gravity flow to a sump for pumping, Twotypes of drain systems are relief and interceptor drains.Relief drains are used in areas of relatively flat hydraulicgradients. They are generally used to lower the watertable beneath a site or prevent contamination fromreaching a deeper, underlying aquifer. Relief drains areinstalled in parallel on either side of a site so that thereis an overlap of areas of influence and contaminated

I INTERCEPTOR TRENCHES ANDSUBSURFACE DRAINS
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PERFORMANCE:
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zroundwater does not flow between the drain lines.Interceptor drains are used to collect groundwater froman up gradient source in order to prevent leachate fromreaching wells or surface water located hydraulicallydowngradiem from the site. Installation is perpendicularto gro'jndwater flow.
Both trenches and drains have relatively lowconstruction and operating costs, but the use of drainsrequires continuous and careful monitoring to assureadequate leachate collection and are not well suited topoorly permeable soils. Trenches on the other handrequire extensive maintenance for operating efficiencyand may require additional safety/security measures dueto the open structure.
Since trenches and drains essentially function like aninfinite line of extraction wells, they can perform manyof the same functions as wells. For shallowcontamination problems, trenches and drains can bemore cost effective than pumping wells, particularly instrata with low or variable hydraulic conductivity. Underthese conditions, it would be difficult to design and itwould be cost prohibitive to operate a pumping systemto maintain a continuous hydraulic boundary.Interceptor trenches and subsurface drains may also bepreferred over pumping where groundwater removal isrequired over a period of several years, because theoperation and maintenance costs associated withpumping are substantially higher. One of the biggestdrawbacks to the use of trenches and drains is that theyare generally limited to shallow depths. Although it istechnically feasible to excavate a trench to almost anydepth, the costs of shoring, dewatering and hard rockexcavation can make trenches and drains costprohibitive at depths of more than 40 feet. However, instable low permeability soils where little or no rockexcavation is required, they may be cost effective todepths of 100 feet. Also, it is more difficult to removeoils from the subsurface via drains. The use ofinterceptor systems produce less fluid to be handledthan pumping systems.
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2 . 2 SOIL/RESIDUE REMOVAL
EXCAVATION - TANKS AND LAGOONS
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MEDri'M:

PROCESS TYPE:
RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OFINTEREST:

TECHNOLOGYSTATUJ:
DESCRIPTION

EXCAVATTON - TANKS AND LAGOONS(Soil/Residue Removal)

Comamirated soils, waste piles andsludges.
Physical removal.

Yes, common practice for
solid/semi-solid material

comam»nated

AU organic and inorganic contaminants which have thepotential chemicals to leach off solid material. AJso thosesolid chemicals which pose an unacceptable risk.

Established technology with changing modifications
Excavation of contaminated soils/residues or subsurfacewastes may be performed for one or more of the followingreasons;
o Short term protection of public health and environmentthrough the elimination of contaminant sources,
o Reduction or elimination of long term liability fromadverse public health and/or environmental effects, ifcontaminant transport is possible.
o Compliance with federal or state mandated restorationplans.
o Property restoration for redevelopment.
Technical factors affecting excavation include site locationand current use; site topography, hydrology and geology;vertical and horizontal extent of contamination;contaminant distribution; planned disposition of excavatedmaterial; and site restoration needs (e.g. clean up levels).
Sludges contained in tanks may have to be removed bydigging or excavation. Some sludges with more hazardouscharacteristics may require special considerations based onthe classification of these materials as RCRA hazardouswastes.
During the selection of removal methods, accessibility playsan important role. Mechanized equipment could lower costsif they have access to the contjuiinaicd area. Shovels and
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EEREQRMANCE:

front end loaders would be the most appropriate equipmentin many instances for soil/residue removal.
Conventional soil excavation methods are applicable tomost sues and the selection of types of equipment and
techniques will depend to a large extent on the depth ofcontamination, soil type, total volume and schedule forremoval.
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3.1

3.2

TREATMENT TECHOLOGIES
IN SITU TREATMENT
SUBSURFACE BIORECLAMATION
SURFACE BIORECLAMATION
SOIL FLUSHING
CHEMICAL TREATMENT FIXATION
AIR/STEAM STRIPPING
ON-SITE WATER TREATMENT
ACTIVATED SLUDGE
AERATION TANK
FIXED BED
BIOFLOWSM

SEQUENCING BATCH REACTOR
TRICKLING FILTER
STEAM STRIPPING
BIOFILTRATIQNSM

CARBON ADSORPTION
CHEMICAL OXIDATION
DISSOLVED AIR FLOTATION
EVAPORATION
FILTRATION
PHYSICAL CHEMICAL SEPARATION
ION EXCHANGE
NEUTRALIZATION
U V CHEMICAL OXIDATION
PHOTOLYSIS
REVERSE OSMOSIS
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3.3

3.4

SOLVENT EXTRACTION
WET AIR OXIDATION
ON-SITE SOIL/RESIDUE TREATMENT
COMPOSTING
ENGINEERED BIODEGRADATION SYSTEMSM (EBDSSM)
INCINERATION
AIR STRIPPING (SEE SECTION 3.2)
STEAM STRIPPING (SEE SECTION 3.2)
SOIL WASHING
SONIC TREATMENT
STABILIZATION
THERMAL DESORPTION
OFF-SITE SOIL/RESIDUE TREATMENT
INCINERATION (SEE SECTION 3.3)
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3.1 IN SITU TREATMENT
SUBSURFACE BIORECLAMATION
SURFACE BIORECLAMATION
SOIL FLUSHING
CHEMICAL TREATMENT FIXATION
AIR/STEAM STRIPPING
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PROCESS TVPF-

RELATED SITE
EXPERlFVrF

APPLICABLECHEMICALS OFINTEREST:

TECHNOLOGYSTATUS:

ii
DRAFT

SUBSURFACE BIORECIAMATION(la Situ Treatment)

Subsurface soils/groundwaters.
Biological (aerobic or anaerobic) oxidation andadsorption/desorption.

Petroleum industry, wood treating sites, coking and coaltar distillation sites, and manufactured gas plant sites,chemical plants and other industries. Generally appliedto restoration of soils contaminated by lealcyunderground storage tanks.

Conventional pollutants, phenolics, polynucleararomatic hydrocarbons (PAH), volatile organics,polychlorinated biphenyls (PCB), and biodegradableinorganics.

Bench-scale, pilot-scale, full-scale. Engineeringtechnology with increasing full-scale applications to awide range of site restoration issues.
In situ Subsurface BioReclarnation is a proven method
for restoration of soils and groundwaters contaminatedwith biodegradable organics and inorganics. It is a
process whereby groundwater, containing sufficientadditives, is recirculated through a contaminatedsubsurface soil/groundwater zone in such a manner so asto promote the growth of indigenous microoorganismsfor subsequent biodegradation of contaminants. Asillustrated in Figure I, the process involves the additionof nutrients and an electron acceptor source, e.g. oxygento stimulate the growth of naturally occurring bacteria toutilize the organics both as an energy source and a foodsource. Both aerobic and anaerobic conditions apply.Surfactants may also be added to aid in the desorptionof chemical contaminants from soil particles into thewater phase with biodegradation then occurring. Therecirculated groundwater is usually introduced into thesubsurface via injection wells or a french drain system.Extraction wells or trenches recover the displaced andtreated groundwater. Figure 1 depicts a trench system.The extracted treated groundwater may be furthertreated in above pound treatment processes and thendischarged or reinjected back into the ground providinga cyclic flushing action of the subsurface contaminatedsoils* Such above ground treatment may only involveonly oil/water separation or also be designed for. *• - - - "'~_]~i-.^—r~—-&———«- - ' '"' **
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reduction of soluble chemicals. The main objective ofsuch a process is to enhance biological activity in s itu tothe degree that biodegradation of soil contaminants isenhanced beyond the degree to which contaminantreduction would occur with just soil flushing alone.
Numerous bench-scale, pilot-scale and full-scale use ofin situ Subsurface BioReclamation treatment has beendemonstrated. To date, most full-scale applicationshave focused on restoration of soils and groundwaters"contaminated by soluble hydrocarbons from leakyunderground storage tanks, e.g. volatile organics.Keystone Environmental Resources, Inc. is presentlyinvolved in both laboratory bench-scale and full-scale insitu Subsurface BioReclamation treatment of soils andgroundwaters contaminated with phenolics includingperitachlqrophenol, porynuclear aromatic hydrocarbons,and volatile aromatics. 'Bench-scale work demonstratedpentachlorpphenol reduction from an initial soilconcentration of approximately 13,000 mg/kg (dryweight) to approximately 1,000 mg/kg in an eight week

penod where in situ subsurface bioreclamation wassimulated.
In situ Subsurface BioReclamation, possibly used inconjunction with soil extraction to remove bulkinterstituaJ organics, could be employed wheresignificant volumes of soil are contaminated and where
the soiJ and hydrogeologicaJ situation is appropriate.TTie technique may prove especially valuable to deal
with subsurface contamination around existingstructures where excavation is impractical.
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III MEDTl'M:
PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGYSTATUS:

DESCRIPTION:

SURFACE BIORECLAMATION(In Situ Treatment)

Surface soils.
Biological aerobic oxidation,
adsorption/desorption and photolysis. volatilization,

DRAFT

Petroleum industry, wood treating sites, coking and coaltar distillation sues, manufactured gas plant sites,chemical plants and other industnes.

Conventional pollutants, phenolics, polynucleararomatic hydrocarbons (PAH), volatile organics.polychlorinated biphenyls (PCB), and biodegradableinorganics.

Bench-scale, pilot-scale, full-scale. Establishedtechnology with increasing regulatory control.
In situ Surface BioRedamation refers to the treatmentof surface contaminated soils to biodegrade andimmobilize chemical contaminants of interest. Theupper 0.5 to 1.5 feet of the surface is managed topromote the growth of indigenous aerobicmicroorganisms to biodegrade contaminants and topromote immobilization of contaminants. In this system,contaminated surface soil, such as that resulting from aspill, is treated in place.
Figure 1 schematically depicts those factors which mustbe considered to property manage an in situ SurfaceBioRedamation treatment process. As given treatmentgenerally consists of optimizing conditions of pH,temperature, soil moisture content soil oxygen content,and nutrient concentration to stimulate the growth ofmicroorganisms that will feed on the chemicalcontaminants present. Attention must also be given toevaporation, contaminant volatilization, control ofprecipitation run-on and run-off, and other amendmentaddition. The soil must also be periodically tilled whichaids in aerating the soil and exposing new soil surfaces tobiodegradation. Transport of contaminants into thesubsurface via percolation of water must also beaddressed ^~ __z:::
Biodegradation of chemical contaminants occursthrough the interrelated processes of chemicalabsorption, solubilizatkm and subsequent

1 . IiSltv Treatment
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FIGURE 1
INSITU SURFACE BIORECLAMATION TREATMENT PROCESS SCHEMATIC
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PERFORMANCE:

biodegradation. Depending upon the particularchemicals to be treated and site specific conditions,
volatilization can also account for soil reductions ofvolatile chemicals. At the same time these processes are
occurring, photolysis may also be influencing the overallmechanism of soil treatment. Photolysis refers tophotochemical reactions resulting from the absorptionof light energy, generally from sunlight in naturalsystems. Since Uv light does not penetrate very far intosoils, photodegradation of soil contaminants is limited tosoil surfaces. The addition of proton donors in the formof polar solvents, such as methanol, can enhance surfacephotodegradation of soil contaminants. For example,photolysis of dioxin (TCDD) on soil surfaces has beenreported in the presence of methanol. In such systems,distinguishing among the different physical/chemical andbiological processes is difficult.
In situ Surface BioReclamation treatment of soils is aproven technology for biological degradation of organicmaterials from petroleum refineries, wood treatingfacilities, chemical plants and many other industrieswhich have wastes containing biodegradable organic andinorganic chemicals. Chemical contaminants are treatedto the degree that they are immobilized in the soil andthus do not pose a potential risk via migration andresulting groundwater contamination. A properlydesigned and operated facility should be able to providethe following reductions in the following chemicals ofinterest;
1) 40 percent reduction of freon extractables.
2) 61 to 90 percent reduction in total PAHcompounds, including 80 to 90 percent reductionin 2-rina PAH's, 82 to 93 percent reduction in 3-ring PAH's and 21 to 47 percent reduction in 4+ring PAH's.
3) Converts an.monia to nitrates, which are readilyused in soil oxidation reactions.
4) Degrades cyanides.
5) Metal* are believed to be immobilized in the soilthereby preventing their migration to the groundwater.
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PROCFSS

RELATED SITEEXPERFFvrr.
APPLICABLE
CHEMICALS OFINTERFST-

TECHNOLOGY

SOIL FLUSHING(In Situ Treatment)

Surface soil and subsurface soils/groundwaters.
Physical/chemical processes including
adsorption/desorption and enhanced solubilizaiion __ofchemicals in solution.

None.

Water soluble compounds of interest, e.g. phenolics, aremost applicable. Compounds having reasonable watersolubility (volatile organics, two*and three-ringpolynuclear aromatic hydrocarbons (PAHs)) may be
applicable. Visible oils and PAHs could be applicable ifsurfactants or organic solvents can be used. Metals andinsoluble cyanide salts are potentially extractable usingacid or chclant aqueous wash.

Emerging technology, bench-scale, pilot-scale, full-scale(limited).
In situ soil flushing utilizes the concept of contaminantreductions in soils by the process of continuously passinga water solution through the contaminated soil zone andin effect washing the soils. As illustrated in Figure 1,water containing additives is continuously recirculatedthrough the contaminated soil zone. As the water flowsthrough the contaminated soil zone, a dynamic processoccurs in which equilibrium conditions are continuouslyreestablished with soil contaminants desorbing off soilparticles and solubiJizing into solution. Once in solution,the contaminants are extracted along with thegroundwater via pumping wells or collection trenches.The liquid solution is treated for reduction of theextracted chemicals of interest and then recycled foradditional soil washing. Figure 1 depicts groundwaterbeing collected and remjected via trenches but wells canalso be used.
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. . . . ~*....«ujim oy wmcncnemicais of interest are held within a sol] environment.-One is the chemical adsorption of contaminant* to soilparticles and the other involves the retention ofcontaminants within the interstices of the soil partkles.These two mechanisms are influenced by the physicaland chemical properties of both the soil matrix and the
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FIGURE 1
IN SITL' SOIL FLUSHING TREATMENT PROCESS SCHEMATIC
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chemical contaminants of interest. To aid in enhancedchemical desprption and subsequent solubilization, thefollowing additives may be added: (i) surfactants, (irtchelating agents, (iii) acids or bases for pH control, (iv)organic solvents, (v) polymers and (VT) steam. The
choice of the additive or additives for a panicularapplication is pnmarily dictated by the cnemical(s) type,the soil characteristics, and the compatibility of theadditive(s) with the panicular treatment system selectedfor the recircuJated groundwater.
Extensive research and development type work has beenconducted. Usually, in situ soij flushing is coupled within situ biodegradation of chemicals of interest. For thisreason, very limited data is available addressing in situsoil flushing as a separate technology. Present pilotwork is focusing on enhanced oil removal, e.g. creosote,via in situ soil flushing with the aid of polymers andsurfactants. This work is meeting with limited success.
For in situ soil flushing to be successful, the properhydrogeologic conditions must exist with the applicationbeing highly site specific.
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MED.ri'M;
PROCESS TYPE:

RELATED SITE
EXPERfEVPFr
APPLICABLE
CHEMICALS OFINTEREST-
TECHNOLOGYSTATUS:

ii
iiii

CHEMICAL TREATMENT/FIXATION(In Situ Treatment)

Surface soils, subsurface soils/groundwaters.
Physical/chemical processes including adsorption,complexation, precipitation and chemicaloxidation/reduction.

DRAFT

None.

Inorganics, metals and some selected organics.

For the reason that in situ chemical treatment/fixation issuch a novel approach, no published sound scientificdata is readily accessible. Ail published informationavailable relates to chemical fixation processes in wellcontrolled process reactors. To implement chemicaltreatment/fixation technologies in situ will requireextensive basic research before full-scaleimplementation can proceed.
In situ chemical treatment/fixation of a contaminatedarea involves the us« of a physical/chemical reaction toimmobilize, destroy or detoxify a chemical or chemicalstargeted in site soils and groundwaters. Chemical agentsare generally applied to surface soil or are injected intosubsurface soils/groundwaters where targeted chemicalsare located. The major physical/chemical processcategories applicable to in situ chemicaltreatment/fixation are;

ooo
ImmobilizationChemical DegradationVolatilization Reduction

Immobilization includes a wide range of in situtreatment techniques designed to reduce the rate ofrelease of contaminants from the soil so that resultantconcentrations along pathways of exposure are heldwithin acceptable limits* The primary immobilizationmechanisms are adsorption, ion exchange, andprecipitation.
^Adsorption is potentially applicable to both organic andinorganic chemicals* Heavy metals in soil may beimmobilized by mixing contaminated soil with & goodadsorbent, or mixture of adsorbents, for the metalspresent, or with a meta] complexating agent that binds
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the metal into a complex that strongly adsorbs to soil.Ion exchange mainly applies to metals where thecationic exchange capacity (CEC) of soil can be alteredto increase its capacity to immobilize cationic
compounds. Precipitation refers to a chemical balancingmechanism involving the addition of chemical agents toachieve precipitation of metals over complexation. The
addition of sulfides, carbonates, phosphates andhydroxides to metal containing soils and groundwaterscan immobilize the metals by precipitation of a highlyinsoluble compound.
Chemical degradation techniques refer to
oxidation/reduction and polymerization reactionscarried out in situ to transform soil contaminants intoless tone or less mobile products. Possible oxidizingagents include ozone or hydrogen peroxide. Possiblereducing agents include catalyzed metal powders of iron,zinc or aluminum. If a soil is contaminated withpolymerizable organics such as stryene, vinyl chloride,isoprene, acrylonitrile, or methyl methacrylatc, mixing ofiron and sulfates into the contaminated area maycatalyze the in situ polymerization reaction. Thepolymers are commonly less toxic and less mobile thanthe monomers from which they are formed.
Volatilization reduction applies to suppressing chemicalvolatilization from soils with the added benefit ofretaining compounds within the soil system for a longenough time to allow for other in situ treatment by oneof the mechanisms or biodegradation. The mostpractical method of suppressing volatilization is toreduce the soil vapor pore volume through which thetransport of vapors occurs. This can be done bycompaction or addition of water to reduce the air-Oiledpore spaces within the soil relative to the water-filledpore spaces.
As previously stated, there has been very little operatingexperience with the use of in situ chemicaltreatment/fixation of contaminated surface soils andsubsurface spils/groundwaters. Research shouldcontinue in this area for the reason that this technologyeliminates the need for off-site disposal of contaminatedmaterials. There is low risk of exposure to buried wastewhen injection and complete reaction is accomplished.However, the technology has limited applications andusually requires long-term land use restrictions at thesite along with environmental monitoring. Also, reactionand immobilization may be incomplete, and there maybe some desorption from repeated flushing bygroundwater, resulting in subsequent off-site migrationof the constituent
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MEDIl'M:
PROCESS TYPE:

RELATED SITE
EXEERIENCE:

APPLICABLE
CHEMICALS OFINTEREST:
TECHNOLOGVSIATUS:

DESCRIPTION;.

AIR/STEAM STRIPPING(In Situ Treatment)

Surface soils.
Physical/chemical desorption volatilizatiadvertinn

and leaky u

101 and

areas
Sp'"S

Volatile organic compounds. (VQC), volatile inorganics.

orvanic M m p u s (VOC • < ,xyfene, from'contan i i na^d in
as a means of source c^trotllS-n?ehave some applicationinorganics, e.g.lydrogenfrom soil. The procefschemicals from X •steam through the ̂
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shows wells as point injectors and collectors, trenchescan also be used. After collection, the air is drawn to theblower unit where the various collection wells ortrenches are tied into a manifold. Each incoming line
can be equipped with a vacuum gauge and valve so thesystem can be fine tuned to meet any air dischargerequirements. Treatment of the vented gas is also anoption.
Process shown to be technically viable for the significantreduction of trichloroetnylene (TCE) in soil resultingfrom leaky gasoline storage tanks. Soil venting throughair/steam stripping offers a potentially low-costtreatment method that is ideal for conditions wheresome cleanup is necessary and soil excavation may notbe economically justified or is not practical becausethere are buildings and process equipment over thecontaminated soil.
For in situ air/steam stripping to be successful, theproper hydrogeologic conditions must exist with theapplication being highly site specific.
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VITRIFICATION(la Situ Treatment)

i

iii

MEDIUM;
PROCESS TYPE:
RELATED SITEEXPEDIENCE:

APPLICABLE
CHEMICALS OFINTEREST:

TECHNOLOGY

DESCRIPTION:

iiii
ii

Subsurface soils.
Thermal.

Pilot scale treatment of polychlorinated biphenyls (PCB)contaminated surface soil.'

Metals, phenolics, polynuclear aromatic hydrocarbons,volatile organics, pesticides, PCB, inorganics. No:
applicable if organic content is high.

Developing technology, bench-scale and pilot-scale.
Vitrification is a highly energy intensive process whichconverts contaminated soil into a glass (amorpous) andcrystaline mineral matrix that has chemical durabilityproperties similar to granite. Vitrification, at typical soilmelting temperatures between 1100 and 16Qu°C, wiildestory organics and fix non-volatile metals into anonleachable solidified melt. The most commonlyproposed vitrification technique is ISV (in situvitrification). In this procedure, ihe contaminated soil isnot excavated but is vitrified in place. The energyrequired to heat and melt the soil is supplied by applyingelectric current to electrodes buried in the soil. Sincethe molten soil is conductive, it is heated by its ownresistance (joule heating). For this process to be costeffective, the contamination must be deep (at least 6feet) and soil moisture must be less than 25 percent.Large sites can be treated by successive vitrification ofadjacent blocks or zones of soil. Any soil vitrificationprocess will produce off-gas containing steam, volatilemetals, products from combustion of any organics in thesoil as well as the organics themsch/es, and someparticulates. This off-gas must be collected and treated.
In situ vitrification (ISV) is essentially a batch processwhere soil/waste is vitrified in large blocks, thetechnique in Figure 1 shows four carbon or molybdenumelectrodes placed in the soil 10 to 18 feet apart Iheelectrodes are connected (in an X pattern) by 2-inch-deep trenches filled with glass frit and graphite. Thesquare of soil is covered by a fume hood that isconnected to a gas scrubbing/emission control system.When power (up to 3750 kW at 4160 V) is applied to thefour electrodes, the glass frit/graphite mixture initiates
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conductance and is quickly heated to soil meltingtemperatures ( 1 100 to 1600°*C). As power is continuedto the system, the soil around the molten glass/graphiteis melted and becomes conductive, The size of the meltzone increases until it includes not only the volumebetween the electrodes, but extends slightly beyondthem. The depth of the melt should be at least 6'feetand the ISV process becomes somewhat less costly asthe depth increases. In ISV, the soil block is meltedfrom the top down and as the melt zone progresses, itheats the adjacent soil. This volatilizes or pytolysis anyorganic compounds that are present. The volafiles, anypyrolysis products, and the steam from the soil moisturepass through the melt and are heated to the melttemperature. The organics are then oxidized when theycontact the hot air directly above the melt. These off-gases are collected by the rume hood and treated in thescrubbing system. A typical scrubbing system wouldinclude quenching the hot gases, acid gas and paniculateremoval in a venturi scrubber, and possibly a fineparticulate removal device such as a bagnouse filter or amist eliminator.
In situ vitrification has been demonstrated through apilot-scale test in which over 400 tons of PCBcontaminated soil was treated Laboratory bench-sc«\'svitrification testing of soil with an initial PCB
concentration of approximately 500 mg/kg achieved anoverall destruction removal efficiency (DRE) greaterthan 99.9 percent for methyl ethyl ketone,formaldehyde, toluene, trichlorethylene and carbontctrachloride.
For in situ vitrification to be successful, the properhydrcgeologic conditions must exist with the applicationbeing highly sits specific.
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3.2 ON-SITE WATER TREATMENT
ACTIVATED SLUDGE
AERATION
FIXED BED
BIOFLOWSM

SEQUENCING BATCH REACTOR
TRICKLING FILTER
AIR STRIPPING . . - - - - -
STEAM STRIPPING
BIOFILTRATIONSM

CARBON ADSORPTION
CHEMICAL OXIDATION
DISSOLVED AIR FLOTATION
EVAPORATION
FILTRATION
PHYSICAL/CHEMICAL GRAVITY SEPARATION
ION EXCHANGE
NEUTRALIZATION
UV CHEMICAL OXIDATION
PHOTOLYSIS
REVERSE OSMOSIS
SOLVENT EXTRACTION
WET AIR OXIDATION
SONIC TREATMENT
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PROCESS TYPE:
RELATED SITE
EXPERIENCE:

ii
APPLICABLE
CHEMICALS OF
INTEREST:

iIIilIIIiI

TECHNOLOGY
STATUS:

DESCRIPTIONS:

ACTIVATED SLUDGE(Ex Situ Treatment)

Contaminated pumped groundwaters, segregatedsurface water and process wastewaters.
Biological Oxidation

Petroleum industry, wood treating sites, coking and coaltar distillation sites, manufactured gas plant sites,chemical plants and other industries. Commonly used totreat industrial process wastewaters.

Conventional pollutants, phenolics, oil and grease,polynuclear aromatic hydrocarbons (PAH), volatileorganics, biodegradable inorganics, polychlorinatedbiphenyls (PCB) and dioxins/furans.

Well established technology for the treatment ofindustrial "conventional" parameters. Bench-scale, pilot-scale, full-scale.
The activated sludge process utilizes a biological slurrycontaining an active mass of bacteria to achievemicrobial oxidation and assimilation (treatment) ofwastewater. A typical schematic aiagram of aconventional activated sludge system is shown in Figure1, Raw wastewater (influent) entering the aerationbasin normally receives some pretreatment. Thispretreatraeiu is typically for the removal of easily settledsolids cr other suspended matter, such as oil.
Following pretreatment, the influent is introduced intoan aeration basin where it comes into contact with abacterial culture which is maintained in suspension. Theaeration tank contents are referred to as the mixedliquor. Under proper conditions, the microorganismsconvert the organic wastes into microbial cells, carbondioxide and water*
Industrial aeration basins typically have surface and/ordeep impellers in order to provide complete mixing ofthe influent and mixed liquor. An oxygen supply addsoxygen to the aeration basin to provide an aerobiccondition for the biological population. The pH of theincoming wastewater or mixed liquor mutt be controlledin order to provide proper conditions for themicroorganism*, A neutral pH is usually required fornormaJ activated sludge system*. The influent to the
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SCHEMATIC DIAGRAM OF A CONVENTIONAL ACTIVATED SLUDGE SYSTEM
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EEBEflRMANCE;

aeration base or mixed liquor in the aeration tank can bepH adjusted by adding caustic or acid to bring the pH tonear neutral. Supplemental nutrients in the form ofnitrogen and/or phosphorus (N,P) may be required if theraw wastewater stream is defficient of these nutrients.In colder climates supplemented heat may also berequired in order to maintain an acceptable temperaturerange for biological activity.
One of the important parameters for the treatment ofthe incoming wastewater is its retention time within theaeration tank. This is referred to as the hydraulicretention time (HRT), and is defined as the ratio of theaeration tank volume (V) to the influent wastewaterflowrate (Q). Another important parameter is the solidsretention time (SRT). The SRT refers to the amount oftime the biomass (biological solids) remains in theaeration tank-settling system, it is also referred to as themean bacterial cell residence time.
The treated mixed liquor is passed from the aerationtank to a settling tank (clarifier) after a specified HRT.The microbial solids are then separated from the treatedeffluent in the clarifier. The treated effluent, which istypically low in suspended solids concentration, is readyfor discharge. Industrial discharge from activated sludgesystems may be sent to a public owned treatment works(POTW), surface water discharge (NPDE5), receiveadditional treatment, or reused.
The settled sludge from the clarifier is concentrated anda portion is recycled to the aeration tank with theremaining portion disposed (wasted). The portion ofsludge returned to the aeration basin is referred to asrecycle sludge, and is used to maintain a desiredconcentration of organisms in the basin. The ratio of therecycled sludge flowrate to the wastewater flovvrate isreferred to as the recycle ratio (r). The wasted portion(waste sludge) of sludge corresponds to the new growthof cell tissue or solids produced from themicroorganisms continually synthesizing. Wasted sludgeusually receives some additional treatment (thickening,dewatering) prior to its ultimate disposal. The degree ofwasting ultimately determines the system SRT. At a lowwasting rate, the SRT would be relatively high due to thefact that solids will remain in the system longer.
Activated sludge treatment is a proven technology forremoval of biodegradable organic* from domesticwastewaters, and around waters/surface waterscontaminated with coal tar based chemicals. A property-designed and operated activated sludge treatmentprocess can generally achieve:
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Greater than 99 percent removal of phenolics,
Between 80 to 99+ percent removal ofpolynuclear aromatic hydrocarbons andnaphthalene,
Greater than 99 percent removal of purgeablearomatics,
Between 90 to 99+ percent removal of oil and„ .grease,
Between 80 to 99+ percent removal of totalorganic carbon,
Between 90 to 99+ percent removal of ammoniaand non-complexed cyanide and

o Greater than 99 percent removal of thiocyanate.

o
o

o
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MEDIUM;

PROCESS TYPE:
RELATED SITEEXPERIENCE:

I
APPLICABLECHEMICALS OFCCEEBEEb

TECHNOLOGY
STATUS:

IIIIIII

DESCRIPTIQN;

II

AERATION TANK(Ex Situ Treatment)

Contaminated pumped groundwaters, segregatedsurface waters and process wastewaters.
Biological Oxidation

Petroleum industry, wood treating sites, chemical plantsand other industries, Commonly used to treat industrialprocess wastewaters which are'applicable to biologicaltreatment.

Conventional pollutants, total organic carbon, phenolics,oil and grease, polyrwclear aromatic hydrocarbons(PAH), volatile organics, and polychorinated biphenyls(PCB).

Well established technology for the treatment ofindustrial "conventional" parameters when an effluentsuspended solid concentration in the 100 to 1000 pprarange is permissabie. Bench-scale, pilot-scale, full-scale.
Figure 1 shows a basic schematic diagram of an aerationtank system. The raw wastewater (influent) normallyreceives some pretreatment prior to entering theaeration basin. This pretreatment is typically for theremoval of easily settled solids or other suspendedmatter such as oil. Pretreatment may include gravitysettling along with chemical additions to enhance therenewal of these materials (chemical additions mainlyfor oiJ removal).
The pretreated influent is then introduced into a reactor(aeration basin) where it comes into contact with abacterial culture which is maintained in suspension. Theaeration tank contents are referred to as the mixedliquor. Under proper conditions, the microorganismsconvert the organic wastes into microbial cell tissue,carbcn dioxide and water.
Aeration basins typicaJly have surface and/or deepimpellers in order to provide complete mixing of theinfluent and mixed liquor. Oxygen is added to theaeration basin to maintain an aerobic condition for thebiological population. The pH of the incomingwaatcwater or the mixed liquor must be controlled inorder to provide proper conditions for themicroorganisms. A neutral pH is usually required for
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FIGURE 1
SCHEMATIC DIAGRAM OF AN AERATION TANK SYSTEM
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normal aeration tank operation. The influent to theaeration basm or mixed 'ijquor in the aera on tank canbe PH adjusted by adding cawti or acid to bring the oH10 near neutral. Supplemental nutrients in KMnitrogen and/or phosphorous (N,P) may be required™
ilT.'TSf'" Stream does n?1 c°ntain wffieSnamounts of these nutrients. In colder climat«supplemental heat may also be required in order tomaintain an acceptable temperature ranee for the.microorganisms. _ . . . _ . . ; ' » . . . . . r. tne

The treated mixed liquor is sent from the aeration tankto discharge or to additional treatment, e.g solids-removal. /Cddmona treatment for solids removl is onlvnecessary if there is a limit on the suspended sol"dsconcentration in the treated effluent being dischargedIndustrial discharges from aeration tank systems mav be'sent to a public owned treatment works (POTW1surface water discharge (NPDES), or reused. >'
Awation tank treatment is a proven technoloev forremoval of biodegradable organic* from domesticwas ewaters and ground waters/surface waterscontaminated with coal tar based chemicals AeTationUnk treatment is similar to activated sludge treatmemwith the exception that the mixed l^uor iSSSsolids arc discharged with the effluent rather tSnrecycled. A properly designed and orated Orationtank treatment process can generally achieve:
o greater than 99 percent removal of phenolics,
° ^Ce1 50 to "t Percent removal of

fthalene, ^^ ^^^ a"d
al Of and

between 80 «o 98 percent removal of total organic
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FIXED BED(Ex In Situ Treatment)

i

MEDIl'M;

TPRQCESSTVPEj
RELATED SITEEXPERIENCE;

APPLICABLECHEMICALS OFINTEREST:

TECHNOLOGY
STATUS:

DESCRIPT1QN;

iiiii DRAFT

Con'aminatec' pumped groundwaters, segregatedsurface waters and process wastcwaters,
Biological Oxidation

Wood treating sites, coking and coal tar distillation sites,and chemical plants.

Conventional pollutants, poiynuclear aromatichydrocarbons (P/H), phenolics, volatile organics,biodegradable inorganics, polychlorinated biphenyls(PCB) and diowns/furans.

Established technology that has been used in thewr<stewatsr treatment industry for more than 50 years.However, itt use was minimal until recently when moresophisticated designs were developed. Bench-scale,pilot-scale, full-scale.
The fixed bed process if effective in treating wastewatersthat contain less than 100 ppra in organics and arebecoming increasingly popular as regulations governingwastewater discharges become more stringent. Severaldesigns developed in recent years have been proven towork efficiently. Typical designs include column typestructure* with synthetic packing providing the contactarea necessary for media growth.
Fixed bed technology involves the process of degradingwastev/ater contaminants through microorganisms thatare attached to a fixed media such as synthetic packing,wire mesh, or filter stone. The basic design of a fixedbed process is similar to that of a trickling filter exceptthat the media is submerged in the wastewater. Bothaerobic and anaerobic decomposition of biodegradablewastewater contaminants can be performed with a fixedbed system. An aerobic fixed media process requires anexternal oxygen source. Severs! different designs andoperating modes exist for fixed bed systems. Figure 1represents a schematic flow diagram of a typical fixedbed process.
Following primary settling and/or oil/water separation,wastewater i* pumped into the fined bed biologicalreactor from either the top or bottom. Air is suppliedthrough the bate of the reactor if aerobic condition* are
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PERFORMANCE:

required. The treated effluent can flow by gravity or bepumped for discharge, reuse, or additional treatment.
Fixed bed treatment is a proven technology for removalof biodegradable organics from domestic wastewatersand groundwaters contaminated with coal tar basedchemicals. A properly designed and operated fixed bed
treatment system has been shown to achieve:
o Greater than 90 percent removal of phenolics,
o Greater than 80 percent removal of polynucleararomatic hydrocarbons and
o Approximately 60 percent removal of total

organic carbon.
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MEDIUM:

PROCESS TYPE:

RELATED SITE
EjCP_ERIENCE:
APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGYSTATUS:
DESCRIPTION:

PERFORMANCE:

I
II

BJOFLOWSM

(Ex Situ Treatment)

Contaminated pumped groundwaters, segregated surfacewaters and polishing treatment for process wastewaters.
Adsorption/desorption and aerobic or anaerobic biologicaloxidation.

Wood treating industry.

Conventional pollutants, phenolics. polynuclear aromatic ^hydrocarbons (PAH), volatile organic,?, biodegradable 'inorganics, polychlorinated biphenyis (PCB) anddioxins/furans. ^

Developing technology. Bench-scale, pilot-scale.
BioFlow5™ is a proprietary process developed by Keystone
Environmental Resources, Inc. for the treatment of slightlycontaminated pumped groundwaters and polishingtreatment of process wastewaters. In general, it is abiological process which combines the treatmentcapabilities of contaminant adsorption and biodegradationin a vessel type reactor.
As illustrated in Figure 1, an influent stream containingchemicals ot interest is treated biologically in a reactor.Added chemicals of interest are first adsorbed onto mediain the reactor. Conditions are maintained in the reactor toachieve subsequent biodegradation of the adsorbedchemicals which in effect biologically regenerates theadsorption media. Proper conditions are maintained in thereactor via supplemental nutrients arid chemicals added inthe influent stream. A certain recirculation of effluent isalso provided to achieve the proper reactor hydraulicretention time (HRT). The treated effluent flowratecorresponds to the influent flowrate.
Through bench- and pilcfcscale test.ng, Keystone hasdemonstrated that BioFlow51*1 is a proven technology forremoval of adscrbable and biodegradable chemicals frnmwater and wastewater effluents. While a BioFlov^Mtreatment unit c,v,n be designed end operated to achievedifferent effluent requirements, the data presented in Table1 gives results of bench-scale work examining treatment ofpumped contaminated groundwater from a previouslyoperatedjjood treating site. These results support thatBioFkwr*M reactor treatment offer* a viable polishing
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TABLE I

KEYSTONE'S BIOFLOWSM TREATMENT
PERFORMANCE HIGHLIGHTS

PARAMETER
TOCBOD-TOTALBOD-SOLUBLECOD-TOTALCOD-SOLUBLEOIL & GREASEPHENOLS(4-AAP)TOTAL DISSOLVED SOLIDSVOLATILE DISSOLVED SOLIDSFIXED DISSOLVED SOLIDS
PENTACHLOROPHENOL
PAH COMPOUND
ACENAPHTHENEACENAPHTHYLENEANTHRACENEBENZO (a) ANTHRACENEBENZO (a) PYRENEBENZO (b) FLUORANTHENEBENZO (fc h, 0 PER YLENEBENZO® FLUORANTHENECARBAZOLE (ug/1)
CHRYSENEDIBENZ (ah) ANTHRACENEFLUORAkmENE
FLUORENEINDENO (123-cd) PYRENE
NAPHTHALENE

INFLI/ENT
CONCENTRATION

21.3
15.5
65.0

<6.00
0.354161.0

38.0
123,0

8.5

1411 14
120,811

0.3320.518
0.457
0.158

1 12
0.8

0.34711 .8
92.5

0.249125

EFFLUENT
CONCENTRATION

2.2
< 1.00
< |.(K)

1 1 .0
< 10.0
<6.0

< 0.005
125.0

6.0
119.0

0.00145

<2.00
<2.00
< 0.500
< 0.020
< 0.020
< 0.020
< 0.050
< 0.020
< 2.00
< 0.150
< 0.030
< 0.200
< 0.200
< 0.050
<2.00

PERCENT
REDUCTION

9(1
> 94

83

>99
22
84

3
> 99.9

>98
>98
>96
>97
> 97> 96

K7
98

> 99
> HO
>9S

NOTE: All resulU are expressed in mgfL unless otherwise noted. < values correspond to desecuible conceniraiions
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fARAMEEER
PHENANTHRENEPYRENETOTAL PAH

TABLE I (Continued)

KEYSTONE'S BIOFLOWSM TREATMENT
PERFORMANCE HIGHLIGHTS

INFLUENT
CONCENTRATION

73.88.77
695

EFFLUENT
CONCENTRATION

< 0.500
< 0.200
<0.00

PERCENTRKDDCMON
>9K

> 99.9
NOTE: All ra»alt« *re exprvMed In m^L Holes* otherwise noted. < value* correspond to detectable concentrations.
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K * "Detectable concentrationof phenols (4-AAP) and PAHs being achieved.
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NfEDIUM:

PROCESS TYPE:
RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION':

III

1I
PERFORMANCE:

DRAFT

SEQUENCING BATCH REACTOR(Ex Situ Treatment)

Contaminated pumped groundwater, segregated surfacewaters and process wastewaters.
Biological oxidation

Treatment of contaminated groundwater from ahazardous waste site and treatment of an industriallandfill leachate.

Conventional pollutants, phenolics, polynucleararomatic hydrocarbons (PAHs), volatile 6rganic$,biodegradable inorganics, polychlorinated biphenyls(PCB) and dioxins/furans.

Established technology for treatment of domesticwastewaters but industrial applications have beenlimited. Bench-scale, pilot-scale, full-scale-
Sequencing batch reactor (SBR) biotreatment isessentially a filJ-and-draw activated sludge process.Each tank in the SBR system is filled with wastewaterduring a discrete period of time and then is operated in abatch treatment mode. After treatment, the mixedliquor is allowed to settle for a predetermined amount oftime and then a specified volume of clarifiedsupernatant is withdrawn from the tank. The volume ofsupernatant removed during the withdraw cycle isdeoendent upon the desired hydraulic retention time(HRT) and the capacity of the SBR tank During thefilling, treatment, sedimentation and withdrawal phasesof the SBR process, the raw wastewater flow is directedto another SBR tank in the system, as in a multiple tankconfiguration. After the withdrawal phase of treatmentis completed, the wastewater is drawn from the storagetank and allowed to flow into the SBR system. Figure 1presents a single tank in each of the five periods of onecomplete cycle.
Following treatment in the SBR system, the effluent canbe discharged, reused or receive additional treatmentThe waste sludge can be reused or disposal of.
Sequential Batch Reactor (SBR) treatment is a proventechnology for removal of biodegradable organic* fromdomestic wastewaters. In addition, limited testing hasshown that the SBR process is also elective in removing
,, - -I Ex Situ Treatment

o
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FIGUOK 1
SCHEMATIC DIAGRAM OF A SEQUENCING BATCH REACTOR SYSTEM
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uiodegradable organics from contaminated groundwaters. Specifically, the SBR process has been shown toachieve;
o greater than 99 percent removal of phenolics,
o between 70 to 95 percent removal of ammoniaand
o between 75 to 95 percent removal of total organiccarbon.
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MEDIUM:

PROCESSTVPE:
RELATED SITEEXPERIENCE:

.APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGYSTATUS:

IIIII

DESCRIPTION:

TRICKLING FILTERSitu Treatment)

Contaminated pumped groundwaters, segregatedsurface water and process wastewaters.
Biological Oxidation

Wood treating and industrial wastewaters which containan appreciable concentration of soluble biodegradableorganics.

Conventional pollutants, phenolics, polynucleararomatic hydrocarbons (PAH), biodegradableinorganics, polychlorinated biphenyls (PC§) anddioxms/furans.

Established technology for the treatment of domesticand certain industrial wastewaters but no related siteexperience is available on a full-scale basis. Bench-scale,pilot-scale, full-scale.
The trickling filter process is an aerobic biologicaltreatment process which is usually used to removesoluble organic compounds found in wastewaters.Trickling filters, in some cases, are also used to achievenitrification (the conversion of nitrogen in the form ofammonia to nitrate). The trickling filter process is basedupon the principle in which a biological growth, attachedto a non-moving media, converts soluble organic*present in the wastewater into carbon dioxide, water andbacteria) solids. This system differs from the activatedsludge and aeration tank processes in that in thetrickling filter process the microorganisms arc attachedto media fixed within the reactor rather than suspendedwithin a reactor.
Figure 1 shows a general schematic diagram of atrickling filter system. The raw wastewater (influent)may require some pretreatment prior to entering thetrickling filter. This pretreatment is typically necessaryfor the removal of easily settleable solids or othersuspended matter such as tree oils or tars. Removal ofthese materials is necessary so that the filter does notbecome plugged with solids or beconis coated with anoil layer, thus reducing the fitter's treajment-performance.
The influent is sent to the trickling filter and is applied to
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I1II
PERFORMANCE:

the filter media by means of a water distribution system
which allows the wastewater to be uniformly distributedover the media. The wastewater then passes throughthe filter media where the soluble organic* andsuspended matter are absorbed and assimilated by the
microorganisms which are attached to the media. Theideal media is a material that has a high surface area, is
low in cost, has high durability and does not clog easily.
In some cases, recirculation water (treated effluent) isrecycled to the head of the system where it is joined bythe'influent.
After the wastewater passes through the filter it iscollected in an underdrain system. The underdrainsystem collects the treated effluent and any solids whichhave sloughed off of the media. The treated effluent isthen ready for discharge with a portion of the effluentrecirculated back to the head of the system. Dischargeoptions for trickling filter effluents include discharge to:(i) surface waters (NPDES), (ii) municipal sewers(POTW) and (iii) reuse or polishing treatment.
Trickling filter treatment is a proven technology for theremoval of biodegradable organics from domesticwastewater and has been proven on a pilot-scale basisfor wastewaters contaminated with coal tar basedchemicals. While a trickling filter unit can be designedand operated to achieve different effluent requirements,the data presented in Table 1 gives results of pilot-scalework examining the treatment of process wastewaterfrom a wood treating operations. In general, theseresults indicate that a trickling filter process can achievegreater than 99 percent removal of phenolics and mostpotynuclear aromatic hydrocarbons and greater than 80percent reduction in total organic carbon content. Itshould be noted that the efficient operation of a tricklingfilter can be accomplished only for wastewater streamsthat contain an amount of soluble organic which areadequate to support a viable mass of microorganisms.
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TABLE!

TRICKLING FILTER TREATMENT
PILOT-SCALE PERFORMANCE HIGHLIGHTS

Parameter Influent
Phenolics

Phenol, ug/1 33000Phenolics - (4AAP) 932-methylphenoL ug/l 160004-methylphenol, ugl 36000
Poly-nuclear Aromatic Hydrocarbons, ug/1AcenaphthyleneAcenaphtheneFluorene

PhenanthreneAnthraceneFluoranthenePyreneBenzQ (a)anthraceneChyrseneBenzo fbMluorantheneBenzo flofluorantheneBenzo (a)pyreneDibenz (ah)anthraceneBenzo (c,h,i)peryleneIndeno (123-cd)peryleneNaphthalene 2833
Conventional Pollutants

Oil and Grease 34Total Organic Carbon 337Total Dissolved Solids 537

2983737220.657.8
35.19.7

7.8
2.81.972.87
0.17
1.00.8

Effluent

< 10
0.06< 10

33

0.1980.434
0.348
0.445
0.043
0.809
0.6230.144
0.137
0.085
0.0460.071
0.0050.037
0.0351 .216

1460393

Note: AJl values are expressed in mtfL unless otherwise noted.

PercentRemoval

< 99.9
99.9

<99.9
99.9

99.3
82.6
99.599.499.7
98.6
98.2
98.5
98.296.9
97.7
97.597.1
96.3
95.699.9

58.882.226.8
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MEDIUM:

PROCESS TYPE:
RELATED SITE
EXPERIENCE:
APPLICABLE
CHEMICALS OFINTEREST;

TECHNOLOGY
STATUS:

DESCRIPTION:

AIR STRIPPING(Ex Situ Treatment)
Contaminated pumped groundwater, segregated surfacewaters and process wastewaters.
Physical separation

Pe tcoleum industry

Volatile organics, most polynuclear aromatichydrocarbons, ammonia and hydrogen sulfide.

Established technology for removing volatile organicsand ammonia from industrial wastewater. Bench-scale,pilot-scale, full-scale.
AJr stripping technology as applied to contaminatedwater involves the transfer of volatile compounds fromthe aqueous phase to the gas phase by passing air (orinert gas) through the mixture. The efficiency ofseparating volatile compounds is based on theequilibrium partitioning of the compound between waterand air and mass transfer rates of the compound withinthe aqueous phase, across the gas-liquid interface andwithin the gas phase. The partitioning of a dissolvedcompound from water to air is a function of solubility,vapor pressure and molecular weight,
A typical flow diagram for an air stripping process usinga continuous countercurrent packed column is presentedin Figure 1. The packed column is most commonly usedfor large volumes of water, difficult separations andwhere high treatment efficiencies are required. Waterflows uniformly across the surfaces of the packingproviding a high degree of contact with the rising airstream.
Contaminated water can be pumped to holding tanks tohelp provide a relatively uniform flow and feedcomposition to the air stripping column. Adjustment ofpH can be performed when required If heating isnecessary tc achieve improved stripping performance,contaminated water will be passed through a steam orelectrically heated exchanger before entering thestripping column. Treated water from the bottom of thecolumn will typkalfr be discharged to a treated effluentstorage system to sUow for monitoring before discharge.Contaminated air from the top of the column will passthrough a demister and often be treated in an activated
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PACKED AIR STRIPPING SYSTEM SCHEMATIC
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III

carbon adsorber before it is discharged to theatmosphere. Contaminated air can also be sent to aneasting flare or fume incinerator if such a facility is onsite. When the concentration of contaminated air islower than the regulatory emission limit, the air can beemitted directly to the atmosphere.
A co-current bubble column or countercurrent spraycolumn can be used depending on the volume of waterto be treated, the required treatment period, and the-type of water to be treated. In a co-current bubblecolumn, air is dispersed into contaminated water bymeans of a diffuser at the bottom of the column (Figure2). Mass transfer is a function of bubble size. The waterenters at the base of the column and exits the column bymeans of an overflow weir. This type of stripping systemis applicable to contaminated liquid that has a significantamount of suspended solids which might cause fouling.Bubble air stripping can also be used in surfaceimpoundments.
In a countercurrent spray column, water is sprayed intothe air by nozzles at the top of the column and iscollected in a jump at the bottom. Air enters at thebottom of the column and is directed downward toassure an even flow. Air exits through a dernister at thetop. Spray columns are the most limited in range ofapplications due to their limited liquid throughput andturn down potential and the possibility of their foulingat the nozzles.
Liquid/vapor contactors may be designed to operatewith a continuous vapor phase, such as is found in aspray column or packed column, or with a continuousliquid phase such as is found in a bubble column orsparged tank. The contaminated air exhausted from airstripping systems frequently requires treatment before itis discharged to the atmosphere.
*« *

~~« »Wuiiu iui outer organic chemicals ofunwell. Theoretical studies indicate naphthaleneshould be effectively removed; whereas some PAHs andphenolics may not lie applicable.
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TABLE 1
AHl STRIPPING TREATMENTPERFORMANCE EIGHUGHTS

Influent Effluent
Type of

Application

Full Scale
\Vausau. WI
contaminated
well water
Sydney Mine
waste site
contaminated
groundwater

Floridagasoline
contaminatedwell water
Bench ScaleGroundwatertreatment
API gasolinecontaminated
groundwater

Pilot Plant
Groundwatertreatment

Gasolinecontaminatedhousehold water

Compounds of InterestIn Water Treated

Toluene
Ethylbenzene
m.o.p-Xylene
BenzeneEthylbenzeneToluenem,o-Xylene3-(U-Dimethylethyl Phenol)
Benzene
TolueneXylene

BenzeneToluene
BenzeneTolueneEthytbcnzeneo- Xylenep-Xylene

BenzeneEthylbenzeneTolueneXylenes
Total gasolinecompounds

Concentration
(ppb)

30.95.116.6
115
10

532
45000-
50000Total

53003600
11300
37600

3200
5100
9500

13200330136003210
6000-362000

Concentration(ppb»

0.94
0.30
0.60
l (a )
Ka)Ha)
l(a)10(a)
<50

Total

< iO
<10
1600
7100

600
1000
1700

2475202360680
<4

o
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(a) Final effluent from air stripping, multi-media filtering and carbon adsorption processes.
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MEDIUM:

PRQCESSTVPE:
RELATED SITE
EXPERIENCE:
APPLICABLE
CHEMICALS OFINTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION:I
III

II

STEAM STRIPPING(Ex Situ Treatment)

Contaminated pumped groundwater, segregated surfacewaters and process wastewaters,
Physical separation

Chemical industry, coking industry.

Volatile organics, most polynuclear aromatichydrocarbons, PAH, potentially certain phenolics, freeammonia and cyanide, and hydrogen sulfJde.

Established technology for removing volatile organicsand ammonia from industrial wastewater. Applicationsto remove organic compounds with high boiling points isless demonstrated. Pilot-scale and full-scale.
Steam stripping is a distillation separation techniqueapplicable to removing certain organic compounds ordissolved gases from dilute aqueous solutions. Thetechnique depends on the relative volatility of thecomponents being stripped to the volatility of water.Relative volatility, or the ration of vapor composition toliquid composition for the two components (e.g. waterand organic) under consideration, is a function of theactivity coefficient and vapor pressure of the compound.If the relative volatility is known for a particular organiccontaminant, a determination can easily be made as tothe technical and economic viability of using stripping &»a treatment method.
A typical flow diagram for a steam stripping system ispresented in Figure 1. The system will consist primarilyof a stripping column containing random dumpedpacking. The feed may be prctreated by adjusting thepH if necessary and passing through a strainer or filter.To minimize energy consumption and cooling waterrequirements, the feed can be used as cooling water forthe overhead condenser and/or heat exchanged withtreated water from the bottom of the column. Furtherenergy savings can be realized by using multiple vaporrecompression (MVR) to recover more of the heatcontained in the vapor overhead stream. Preheatedfeed will typically be fed into the top of the strippingcolumn. In some cages, the feed wiiJ be introduced at a-carefully selected intermediate location along the height
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STEAM STRIPPER PROCESS SCHEMATIC
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PERFORMANCE:

of the column to provide for additional concentration ofthe organic in the vapor leaving the top, therebyreducing the quantity of distillate that must be treated ordisposed of. Distillate from the overhead condenser willflow by gravity tc a control tank. If the column includesa rectification section, a portion of condensate isrecycled (refluxed) tack to the top of the column. If theorganic has very low solubility in water, rectification canresult in a separation of an organic phase in the distillatereceiver. In this case, only the aaueous phase is refluxedand tJie_Qfganic phase is removed for disposal.
Based on theoretical estimates, levels of 1- 10 ppb shouldbe achieved for strippablc organics. Pilot-scale data forBTX show levels of 0.5 ppb can be achieved. No full-scale data on organic chemicals of interest are available.Industry (coke plants) data on removal of acid gases
(H2$, HCN) and ammonia at high feed concentrationsarc*avaiiable, but not relevant.
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EEOCESSTYPE:

RELATED SFTE

APPLICABLE
CHEMICALS OFINTEREST-

TECHNOLOGY

III

II DIUFT

BIOFILTRATION'SM
(Ex Situ Treatment)

Contaminated pumped groundwaters, segregated
surface waters and polishing treatment for processwastewaters.
Filtration, adsontion/desorption, and aerobic biologicaloxidation.

Wood treating industry and coal tar distillation industry.

Conventional pollutants, phenolics, polynucleararomatic hydrocarbons (PAH), volatile qrganics,biodegradable inorganics, polychlorinated biphenyls(PCB) and dioxin/furans.

Developing technology, bench-scale, pilot-scale and full-scale.
CVlBioFiltration0™ is a proprietary process developed byKeystone Environmental Resources, Inc. for thetreatment of slightly contaminated pumpedgroundwaters and polishing treatment of processwastewaters. In general, it is an unit process fortreatment of aqueous liquids which combines thetreatment capabilities of filtration, adsorption andbiodegradation into a single process.

A BioFiltration^M treatment unit filters suspendedsolids and adsorbs organic constituents onto a bed ofselected matrix materials which are simultaneouslybiologically regenerated. The composition of thetreatment media is dependent upon the particulareffluent stream to be treated and is designed to providethe appropriate combination of permeability andadsorption capacity.
As illustrated in Figure 1, effluent requiring treatment isapplied to the top of the bed where suspendedparticipates are filtered out at the surface. Solubleorganic* are adsorbed as the media water percolatesdown through the treatment media. Concurrently, themedia which contains an acclimated microbialpopulation, continually regenerates the adsorbent-material in the treatment media. The resulting treatedeffluent is collected in an underdrain system and then
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FIGURE 1
SCHEMATIC CROSS-SECTION OF BioFILTRATIONSM TREATMENT PROCESS
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PERFORMANCE:

ii

discharged.
fr

Through extensive bench and pilot-scale -testing.Keystone has demonstrated that BioFihration^ is aproven technology for removal of adsorbable andbiodegradable chemicals from $aier and wastewatereffluents. While a BioFiItrationbM treatment unit canbe designed and operated to achieve different effluentrequirements, the data given in Table 1 presents resultsof pilot-scale testing where process wastewatercresote-'pentachlorophenol from a wood treating plantwas treated after biological lagoon treatment.
As evidenced by the data presented, BioFiltraiion^treatment offers a very viable polishing treatmenttechnology. Through pilot-scale work evaluatingpolishing treatment of aeration tank biologically treated
process wastewater from a creosote/peatachlorophenolwood treating plant, BioFiltration5**1 treatmentproduced an effluent in which 100 percent fish survivalwas achieved in 7-day weight gain fisn toxicity testing. <Moooo

iiii
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TABLE 1

KEYSTONE'S BIOFILTRATIONSM TREATMENT
PERFORMANCE HIGHLIGHTS

PARAMETER

BOD5 (mgl)

TOCCmgl)

PENTACHLOROPHENOL (mgl)

PHENOLS (4-AAP)(mg/l)

TOTAL PAH (mg/l)

TOTALDIOXINS(ngl)

INFLUENT EFFLUENT

99 3

518 9

10.6 < 0.001

0.65 < 0,01

0.09 < 0.0012

24,600 < 1.0

°*c REMOVAL

96.9

98.3

>99.9

>98.5

>98.7

>99.9

- -™

03
lA
OJ
COoo

Note: < values indicates detectable concentrations.
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MEDIVM:

PROCESS TYPE:
RELATEDCOKE'COALTAR
SITE EXPERIENCE:

APPLICABLECHEMICALS OF
INTEREST:

TECHNOLOGYSTATVSi

DESCRIPTION;

IIII
I

CARBON ADSORPTION(Ex Situ Treatment)

Contaminated pumped groundwater. segregated surfacewaters and process wastewaters.
Physical separation

Petroleum industry, wood treating sites, coking and coaltar distillation sites, chemical plants and other industries.

All soluble organic chemicals of interest, potentiallyeffective for certain metals and cyanide compounds.

Established technology for removing soluble organicsfrom wastewaters. Bench-scale, pilot-scale, full scale.
In adsorption processes, selected dissolved contaminantsare attracted to and adhere to a solid adsorbent as aresult of weak chemical bonds between the contaminantand "active sites'1 on the surface of the adsorbent.Activated carbon is a highly porous solid which providesand extremely large "active" surface area. For aqueoustreatment, the primary driving forces for adsorption area combination of the hydrophobic nature of thecontaminant and the affinity of the contaminant for thecarbon. The adsorption of a specific chemical willdepend on the carbon properties, the physical andchemical characteristics anc* the concentration of thecontaminant, the characteristics of the aqueous phase,and the residence or contact time.
A typical flow diagram for a carbon adsorption processis presented in Figure L Contaminated water can bepumped to holding tanks to help provide a feed with arelatively uniform and composition. The feed is thenpumped continuous!/ through a filter to the carbonadsorbers. The dual bed series system shown offers asimple vaMng arrangement, a flexible carbon bedchanging schedule and a high effluent quality. As shownin Figure 1, the two columns are operated in a lead-polish mode to enable the lead column to achievemaximum loading of contaminants (minimum carbonconsumption). Heavy tines indicate normal flow pattern.When trie lead column is exhausted (as determined frommonitoring the effluent for selected pollutants), it istaken off line, the backup column becomes the leadcolumn, and the carbon is replaced or regenerated. This

in
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FIGURE I

SCHEMATIC QIA6RAH OF A CARBONVOSOftPriON
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EEREQRMANCE:

iii

column then becomes the second column in the series.Figure 1 does not include the flows required if in situregeneration is used.
Treated water from the adsorbers is typically dischargeddirectly unless a treated effluent storage system isneeded to allow for monitoring before discharge. Amore cost effective approach than temporarily storingand monitoring the effluent prior to discharge is tomonitor the discharge from the lead column on a regularbasis and rely on the fact that the polishing column willmaintain.desired effluent quality.
Carbon adsorption has been used at many hazardouswaste sites for treating ground water or surface waterwith contaminated with chemicals of interest.Performance of bench-scale, pilot-plant, and full-scalecarbon adsorption systems related to relevant sites issummarized in Table i.
In addition to the examples presented in Table 1, carbonadsorption is being used for treating contaminatedground water at a MGP site in California. The system,which has flocculation/sedimentation and sand filtrationgretreatmem steps, operated about one year prior to thetint carbon replacement. Performance data have beenobtained every three months by analyzing the finaleffluent for PAH&, benzene, toluene, xyiene and othervolatile hydrocarbons; lead was also analyzed on the firsttwo sampling campaigns. PAH levels were reducedfrom 3.4 to 0.39 ppm to non-detectable concentrations.Aromatic*, which were detected in only half the groundwater samples, were reduced from nearly 20 ppm tonon-detectable concentration*. However, the specificcontribution of the carbon adsorbers in achieving theoverall removals cannot be determined since samples ofadsorber influent were not taken.
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TABLE t
CARBON ADSORPTION TREATMENT PERFORMANCE HICf ITUGIITS

TVpedfApplkatio*

pull Scale
Gasolinecontaminatedgroundwater

Creosotecontaminatedgroundwater
Rail car ipilicontaminated

Contaminatedgroundwater
Chemical spillcontaminatedgroundwater
On-site storagetank contaminatedgrcundwater

Liquid
Compounds Influent Effluent Kl<tw
of CooceotratiofaCoacentnition Rate
Interest (PP*>) (PP*>) (gpm)

Benzene
Toluene
Xylene

PAH (Total)

Phenol
Phenol

Benzene

Benzene

Xylenes
Xylenes

150 1 150
150 !
150 1

200-500 1 50

32000- < 100 NA40000
63000 < 1 80

5000 < 10 100

400 < 1 95

200-500 < I 30
8000 < I 2(M)

Cart Mm
Hydraulic C'otiAiimplinn
Ixtadiitg Kate

fgpm/sq ft} H» Carbon
1000 gal

3 NA

2 NA

22 2.1
1.0 NA

J.3 1 . 1

1 .21

2.4 NA
2.5 NA

NOTE: NA indicates not available.

0 0 8 2 6 2
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1>peofApplication

Gasoline spincontaminatedgroundwater
Wausau gasolinestation contaminatedgroundwater

Upstate New Yorkgasoline contaminatedwell water
Lower MusitsippiRwer contaminateddrinking water
Love Canallandfillfeachate

PflQt Plant
Contaminatedgroundwafcer

PERFORMANCE HICHLIGHTS
Compoundsof
Interest

Influent Effluent
ConeentrationCoaceittration

Liquid
Flow
Rate

BenzeneTolueneXylenes
BenzeneToluene
EthylbenzeneXylene
BenzeneTolueneXylenes
BenzeneToluene
PAHs(each)
Benzene
EthylbenzeneToluenePhenol
Anthracene <fe
Phenamhrene

Benzene
EthyfbenzeneTolueneXySenes

900-13000
5000-70006000-10000

590
25,000
2,40029

247520
2360
680

< 100 5NA
180-230
17-19016-20

63-100
558552

0.010

< I
< 1< I
< I
< I< I< 1

0.00002
0.000020.002

5

278
410

< 10
< 10
< 10
< 10
Non Detectable

< 1.01.0
J.O
< 1.0

I'urlxtnHydraulic Consumption
Loading R«te

(gpm/sq ft) |b Carbon

3-5

NA
NA

: 1 .07NA

NA

NA
NA
NA

1 - 1 .6 NA

NOTE: NA indicates not available

0 0 8 2 6 3
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TABLE I (CONTINUED)
CARBON ADSORPTION TREATMENT PERFORMANCE IIIGHUCUTS

Type of
AppUcBtlott

Gasolinecontaminatedhousehold water

Bench Scale ;
AT; Gasolinecontaminatedgroundwater

Compound* Influent Effluent
of CooceatrBtionConcentrationInterest

BenzeneTolueneXylenes
BenzeneTofucneXylenes

BenzeneEthylbenzeneO-XyleneP-XyleneToluene

(ppb)

1000
Total

25000
Total

1784933235656
J142257537

(ppb)

<5<5<5
<5
<5
<5

10.43.5715.0
15.01.73

Liquid Carbon
Mow Hydraulic Consumption
Rate Lading KaJe
ffpm) (epmfsq ft) |b Carbon

1000 gill

NA NA NA
NA NA NA

NA NA NA

NA 7 NA

NA indicates not available.

0 0 8 2 6 4
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CHEMICAL OXIDATION(Ex Situ Treatment)

ii
MEDIUM:

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

iiiiii

APPLICABLE
CHEMICALSOF INTEREST:

TECHNOLOGYSTATUS:

DESCRIPTION:

iiiii
1

Contaminated pumped groundwater, segregated surfacewaters and process wastewaters.
Chemical oxidation using either chlorine (Cl->), chlorine
dioxide (ClO-j), hydrogen peroxide (H->O-»r or ozone(03). V

Chemical industry, wood treating industry,manufactured gas plant sites, municipal wastewatertreatment plants, and the coke and coal tar distillationindustry.

Ammonia, cyanide, sulfide, thiocyanate, volatileorganics, phenolics, reduced metals, polynucleararomatic hydrocarbons (PAH) and conventional organicpollutant indicators (BOD5, COD, TOC).

Established technology in the United States with regard
to chlorination with Q2* O20"6 (°s) and ^2p2 are

beginning to obtain market exposure. Bench-scale,pilot-scale, full-scale.
Chemical oxidation is a process in which the oxidationstate of a chemical contaminam(s) are increased via therelease of electrons from the cpntammamfs) which areaccepted by a chemical pxidant in solution. Through thisprocess, targeted chemical contaminants are convenedto chemical species which are neither harmful norotherwise objectionable. The specific chemical reactionswhich occur are dependent upon the particular chemicalcontaminant*, the particular chemical oxidant (electronacceptor) and the solution pH.
Otidants most normally considered include chlorine,chlorine dioxide, hydrogen peroxide and ozone.
The chlorination process utilizes chlorine gas or a salt ofhyppchlorous acid such as calcium hypochlorite orsodium hypochlorite as the chlorine source. The activespecies is the same regardless of the parent chemical,but the properties of the aqueous chlorine solution willvary with the different chemicals. Thus, it is sometimesmore appropriate to use one souice of chlorine overanother depending on site specific conditions.Curfcfltly, the primary use of chlorination is fordisinfection, but it is auo widely used for many other
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II applications including the destruction of specific harmfulchemicals, pie knowledge of the fundamental chemistryof chlorination has been enlarged considerably in thepast twenty-five years; this has made it possible to applychlorination to the treatment of an ever increasingvariety of industrial wastewaters.
Chlorine dioxide in the gaseous form is highly unstableand therefore aqueous solutions of the gas art utilized inoxidation processes. Although these solutions are muchmore stable than the gaseous form, they still decomposerapidly and thus are generated on-site.
Hydrogen peroxide is also utilized as an aqueoussolution for chemical oxidation. A 35 percent solution isavailable commercially. This solution is used full-strength or diluted, depending on the specific oxidationapplication. Metal catalysts are most often used withhydrogen peroxide treatment.
Ozone is cited by some researchers as being the second-most powerful oxidant, exceeded in its oxidationpotential only by fluorine. The effectiveness of ozone inoxidizing organic compounds in water is welldocumented. Ozone has been used in Europe since1903 for the treatment of drinking water. Ozone is anunstable compound and must be generated on-$ite. Forcommercial applications, ozone is produced through thedischarge of an electric current across an air steamcontaining oxygen. The ozone enriched gas stream iscontacted with the water targeted for treatment in areaction vessel.
Figure 1 presents two possible treatment schemes forchemical oxidation. A one-step process is depicted inthe upper portion of the drawing and a two-step processin the bottom portion. Oxidation of certain wastewater,e.g. ammonia containing, can be accomplished in onestep with oxidant addition and pH adjustment in onereaction tank. Some wastewaters, e.g. cyanidecontaining, must be treated using a two-step process inwhich an oxidant and caustic soda are added to the firsttank for initial oxidation at a high pH and then anoxidant and sulfuric acid are added to the second tankfor further oxidation at a lower pH. The retention timein the reaction tank(s) and the dosage(s) of oxidant usedalso vary with the composition of the wastewater.Theoretical considerations and treatability results areused to establish the procew.speciiSc oxidant(i), oxidantdosage(s) and retention tim«(s) needed to propertya specific wastewater.
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PERFORVfAVrr.

hypochlorous acid, e.g. sodium hypochlorite calciumhypochlorite, can be used for chlorination. Thesechemicals are obtained in bulk and metered directly intothe reaction tank. Hydrogen peroxide is also obtained inbulk and metered directly into the reaction tank.Because of their poor stability, chlorine dioxide andozone must be generated on-site. Chlorine dioxide issynthesized using hypochlorous acid, sodium chlonteand hydrochloric acid. Ozone is added as a gas with-provisions for decomposition of the off gas provided.
Chemical oxidation is used for pretreatraem, primarytreatment, or post treatment depending on the
composition of the wastewater and the desired effluentquality. For many of these applications it is necessary toremove the excess oxidant, e.g. dechlorinate, beforefurther treatment or disposal of the wastewater.
Giemical oxidation is a proven technology for removalof oxidizable contaminants from domestic wastewatersand groundwaters/surface waters. The three chemical
oxidation processes considered here are (i) chlorination,(ii) chlorine dioxide, (iii) hydrogen peroxide and (iv)ozone oxidation. The contaminant removals that cangenerally be achieved with a properly designed andoperated chemical oxidation treatment system are asfollows for each of the above processes:
Chlorination:

Greater than 96 percent removal of ammonia,
Greater than 99 percent removal of cyanide,
Between 14 and 21 percent removal of volatileorganic*,
Greater than 99 percent removal of phenolics,
Between 10 and 75 percent removal ofpolynuclear aromatic hydrocarbons,
Between 45 'and 50 percent removal of totalorganic carbon and
Anticipated oxidation of sulfides andthiocyanates from literature information.

Chlorine Dioxide Oxidation:
o Between <JS and 99+ percent removal of

o
o
o

o
o

o

o

0 Between 85 and 99+ percent removal of sulfides,

CO
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Between 50 and 99-t- percent removal ofphenolic^
Between 5 and 99 + percent removal ofporynuclear aromatic hydrocarbons and

o Anticipated oxidation of suIGdes* thiocyanaicsand total organic carbon from literatureinformation.
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DISSOLVED AIK FLOTATION(Ex Situ Treatment)

iiii
iiiiii

MEDIUMS

PROCESS TYPE:
RELATED SITEEXPERIENCE:

APPLICABLECHEMICALS OFINTEREST:

TECHNOLOGY
STATUS;

DEscRnrnosj

DRAFT

Contaminated pumped groundwaters. segregatedsurface waters and process wasiewaiers.
Physical liquid/solids separation.

Pciroteum industry, wood treating sites,, coal tar'distillation sites and other industries.

Oil and grease, polynuclear aromatic hydrocarbons(PAH/Naphihalene).

Established technology for the removal of oil and greaseand suspended solids. Bench-scale, pilot-scale, full-scale.
Dissolved air flotation (DAF), to some extent, u thereverse of gravity oil/water separation. The DAFprocess is generally used on waste streams where thespecific gravity of the material to be separated is veryclose to that of water. These panicles settle very slowlyor not at all. It is much easier to float and remove themfrom the water surface than to attempt to sink them.
The basic principle involved with the DAF process is thefact that as the pressure increases on water, it is able tocontain more dissolved air, nitrogen, or other gas.When this pressure is reduced, the gas is released asextremely one bubbles, This can be achieved in twodifferent ways. The tint and most common method is bypressurizing the water then releasing it to theatmosphere in the flotation tank (pressure flotation).The other method is less common but produces thesame results and involves decreasing the pressure in theflotation unit by drawing a vacuum. The air naturallydissolves in the water and is released when the pressuredecreases.
Three variation of pressure flotation exist: direct, partialand recycle. The direct DAF process requires that thematerial to be separated can withstand the high shearforces of the pressurizing pump and the pressure releasevalve. Thii method is generally used for separating oilfrom wastewater streams. Partial DAF reduces; coct but generally is not as efficient for high oilEffluent recycle is the most common methodof dissolved air flotation. It is used when the material to

I Ex Situ Treatment- DisschfdAirFlotattoa
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PERFORMANCE:

be removed forms a fragile floe. This is generally thecase when coagulants and flocculants are used toenhance separation.
Given in Figure 1 is a schematic diagram of a effluentrecycle DAF process. The wastewater, pretreated withcoagulants/flocculants. enters the flotation tank with thepressurized recycle. The escaping air bubbles attach tothe flocculated material and rise to the surface andcompact. The heavy solids that sink are removed from
the bottom of the tank and are recycled/reused or_ disposed. The surface skimmings are also removed andrecycled/reused or disposed. The clarified effluent isremoved from below the surface and is discharged,reused, or receives additional treatment. A portion ofthe clarified effluent is recycled and pressurized to bereused in the DAF process.
Dissolved air flotation is a viable treatment alternativefor the removal of oil and grease and suspended solids.Removal of other pollutants is related more to thewastewater characteristics than to the design of the DAFunit. Economics and the space available will be themajor factors of concern for the selection of DAF as atreatment alternative. A properly designed andoperated unit can generally achieve:
o Greater than 90 percent removal of oil andgrease,
o
o

Total PAH reduction near 90 percent and
Naphthalene reduction near 50 percent.
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FIGURE 1
SCHEMATIC OF DTSSGl.Vfn AIR FLOTATION SYSH'M
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EVAPORATION(Ex Situ Treatment)

MEDIUM:
PROCESS TYPE;
RELATED SfTE
EXPERIENCE:

APPLICABLECHEMICALS OFINTEREST:

TECHNOLOGYSTATUS;

DESCRIPTION:

Water containing solids and dissolved organics.
Physical separation

Petroleum industry, electric-utility sites, wood treatingsites, coal tar distillauc-- Lndustry, and chemical plants.

For aqueous mixtures, evaporation is applicable to allchemicals of interest. However, the volatilization ofstnppable compounds (e.g. BTX and most PAHs) mayrequire treatment of the evaporated water pnor todischarge. For tars, evaporation is applicable toremoving BTX and phenolics which have lower boilingpoints.

Established technology for the concentration of wastestreams. Bench-scale, pilot-scale, full-scale.
Evaporation is the process of removal of volatileconstituents from a solution or slurry by boiling. It canbe used to concentrate an aqueous waste solution,separating the major portion of water from thenonvolatile components such as solids, dissolved salts, ornonvolatile organics.
Evaporation usually requires that heat be transferredfrom a heat source such as steam or hot oil through aheat transfer surface to the waste. Heat transfer ratesand overall energy efficiency vary with the type ofevaporator and the thermal and How properties of thewaste. There are several classifications of evaporators,including tubular or plate evaporators, wiped-filraevaporators, direct-contact evaporators and naturalenergy evaporators. Selection of an evaporator typedepends mainly on the feed characteristics, degree ofseparation or concentration required, and the relativecosts of equipment and utilities.
A simplified schematic of an evaporator system is shownin Figure 1. The influent feed is pumped to a feedpreheater and then introduced into the top of theevaporator, the evaporator consists of a jacketedcylindrical shell with rotating wiper blades whichproduce a thin, agitated film. Evaporation of the-volatile* takes place as the waste stream flows by gravitydown the evaporator wall. Temperature and vacuum

r*cvjoooo
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are adjusted to accomplish the desired residual volatilelevel. The vapor passes through an entrainmentseparator and is condensed and collected as distillate. Avacuum pump is used to reduce the pressure within theevaporator, thereby increasing the volatilizationefficiency. The concentrated residue exits through thebottom section, and can be transferred to a residuecooler (not shown) before being discharged tocontainerslor transport, disposal, or other disposition.
Evaporation can also refer to volatilization processesthat do not involve boiling; but in which water or avolatile organic is transferred to the air, as in a drying
process. Solar evaporation ponds and cooling towersare common examples of such aqueous evaporationprocesses. These "open" processes which rely on air floware not discussed.
Evaporation has been commercially applied or tested ina wide variety of applications. However, no specificperformance data for the compounds-of-interest havebeen found. Equipment manufacturers considerevaporation to be a potential application or wastestreams containing the chemicals of interest unlessabrasives are present.
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MEDIUM:

PROCESS TYPE:
RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:
DESCRIPTION:
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FILTRATION(Ex Situ Treatment)

Contaminated pumped groundwaters, segregatedsurface waters and process wastewaters.
Physical Solids Separation

Sdust
g indU5try' C0ke and coal tar distillation

Suspended soiids, oil and grease, polynuclear aromatichydrocarbons (PAH/Naphthalene), metals.

Established technology since the early 1800's.
Filtration is the removal of suspended solids from waterby passing it through a porous media. In general, it is atwo step process consisting of a filtration andbackwashing phase. Water is filtered by passing itthrough a porous material to remove suspended solids.This can be accomplished with or without the addition ofchemicals depending upon the type of solids and/or thedesired results. Backwashing takes place wheneversolids begin to leak through and/or the head loss throughthe media becomes significant. Backwash water isgenerally returned to the beginning of the wastetreatment system, which is usually a primary clarifier.Figure 1 illustrates some typical filter configurations.
The efficiency of a filtration unit is depended uponfactors such as influent flow rate, filter media type,media pore size and the characteristics of the water tobe filtered. Of the several types of filter media available,silica sand is the most common. Crushed anthracite coalan garnet are also frequently used. To decide on thetype or types of media to use requires a compromise ofthe following:

smaller grains filter better, produce higher qualityeffluent, but filter runs are short;
larger grains extend the length of filter runs butbreakthrough will occur if flow is too high.

o
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The ideal filter bed is stratified with coarse to fine mediain the direction of flow. This allows for solidspenetration into the bed which extends the filter rjnwhile maintaining high quality effluent. Thedevelopment of multimedia and upflow filters was basedon this premise. A multimedia bed is stratifiedaccording to the specific gravity of its constituents. Thismakes it possible to have coarser grains at the top of thebed. An upflow filter relies on the natural stratificationof a single media with coarser material settling to thebottom.
Filtration is a proven technology for the removal ofsuspended solids. Based on available performance data,the following observations can be stated concerningfiltration;
o Suspended solids removal

percent can be achieved, of greater than sn* han 80of

o

o
of the

function of its insoluble
o Removal of phcnolics is minimal.
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MEDffM:

PROCESS TYPE:
RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OFINTEREST;

TECHNOLOCVSTATUS;

DESCRIPTION:

PHYSICAL/CHEMICAL SEPARATION(Ex Situ Treatment)

Contaminated pumped groundwaters, segregatedsurface waters and process wastewaters.
Gravity Physical/Chemical Separation

Petroleum industry, wood treating sites, coking and coaltar distillation sites, manufactured gas plant sites,chemical plants and other industries.

Oil and grease, suspended solids, polynuclear aromatichydrocarbons (PAH/Naphihalene).

Established technology that has been used in thepetroleum industry for several decades. Bench-scale,pilot-scale, full-scale.
Physical/chemical separation can be described as theprocess of removing the free oils phase from water vianatural differences in specific gravity* i.e. oils with alower specific gravity than water will float while thosewith a higher specific gravity will sink. The separationprocess can be enhanced by chemicalcoagulation/flocculation followed by gravity settling.
Typically, physical/chemical separation is the firstoperation in a wastewater treatment system. However,it may be necessary to pretreat the waste stream withemulsion breaking chemicals prior to the gravityseparator. These emulsion breaking chemicals aregenerally catjonicaily charged. Usually inorganicchemicals such as ferric chloride, alum and ferroussulfate or organic low to medium molecular weightpolymers are used to destablize (break) the emulsion.Qccasiona|Jy, en anionic or nonionic polymer is alsorequired. This second polymer functions as a flocculamwhich agglomerates the smaller oil particles into larger"floes", which have improved separation characteristics.
Adjustment of pH may also be used, in conjunction withthe other chemicals or alone, to destablize emulsions orto precipitate other compounds. Jar tests are generallyused to select the proper chemicals and dosages foroptimum pretreatraent and |o_ predict expected effluent-quality.
After the wastewater is chemically pretreated, if
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required, it flows into the gravity separator where duringa quiesent stage the oil phase separates from the water.A typical API separator is illustrated in Figure 1. Aremoval system for floated and settled matenal shouldbe part of any separator.
After separation, the water phase can be discharged,
reused or receive additional treatment. The oil phasecan be recovered, recycled cr disposed.
Physical/chemical separation is proven for the removalof oil and grease ana suspended solids. PAH reductionis achieved by removing the portion that stays within theoil phase. Total organic carbon is decreased by theamount contained in the oil and grease and solids thatare removed. Existing physical/chemical separationsystems have been shown to achieve:
o Oil and grease and suspended solids reductionnear 90% and
o Total PAH reduction near 80%.
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I MEDIUM:

PROCESS TVPE:
RELATED SITE
EXPERIENCE:
APPLICABLE
CHEMICALS OFINTEREST;

i TECHNOLOGY
STATUS:

DESCRIPTION:

II

II

ION EXCHANGE(Ex Situ Treatment)
Contaminated pumped groundwaters, segregatedsurface waters and process wastewaters.
Physical Separation

Petroleum industry, plating industry.

DRAFT

All inorganic cations, such as heavy metals andammonia, and anions, such as sulfaie, identified aschemicals of interest Also, potentially applicable toionic organic compounds such as phenolics.

Bench-scale, pilot-scale, full scale. Establishedtechnology for treating industrial process wastewaterscontaining high metals concentrations. Emergingtechnology for the treatment of ionic organiccompounds.
Ion exchange is a separation process in which selectedpollutant ions in an aqueous solution are removed withthe use of an ion exchange material, while non-pollutantions are displaced from the material. In practice, ionexchange "beads" are placed in a column and water to betreated is passed through the bed. Natural ion-exchangematerials (zeolites) exist; however, most industrialprocessing uses synthetic ion exchange resins. Thesesynthetic resins normally are high-molecular-wcightorganic polymers onto which chemical functional groups(e.g., sulfonic, carboxylic, phenolic; aminos) are addedby reaction.
A typical flow diagram for an ion exchange process ispresented in Figure 1. A storage tank is normallyneeded to provide a surge volume in the system, to allowthe exchangers to be operated at a constant rate, and tobe used to settle coarse solids in the feed water.Untreated water is pumped from the storage tank to theion exchanger columns. Pretreatmem using cartonadsorption or filtration i* often required for wastewater.
If a large volume of water » to be treated, two set* ofcolumns stculd be installed to provide uninterruptedsystem operation during column regeneration period*.Treated (deionized) water flows by gravity from thecolumn* normally to a treated effluent storage system toaMow for monitoring before discharge. Conductivity (ameasure of total ion concentration) can be used to

1 Ei Sit* Treatment
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ion EXCHANGE PROCESS SCHEMATIC
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PERFORMANCE

ii

determine "breakthrough," at which time the columnsare switched and the column with spent resin isregenerated.
With the mixed bed scheme, the regeneration of the ionexchange resin would employ a special operatingsequence. The resin bed is first backwashed gently toremove suspended solids and then the resin bed shouldbe fluidized. Diluted hydrochloric acid is pumped fromstorage through the bed concurrently to the wastewaierfeed flow. After a water wash, diluted sodium hydroxide-.is pumped through the bed to convert the amon resinback to the hydroxide form. After another water wash,the column can be returned to service. The various acid,caustic, and wash rei?enerant solutions which containconcentrated poUutants must be treated or disposed.
Ion exchange can theoretically remove essentially all ofselected ionic constituents if adequate resin contact timeand proper resin is used. Industrial experience hasshown 50-100 ppb level of various metals are achieved;bench-scale tests have given lower (10 ppb) residuals.
Ion exchange applications for groundwater and surfacewater treatment have noi been identified. Mostperformance data that have been reported are forplating process wastes which have high metalsconcentrations. An ion exchange process used to treat acondensate from a reOnery achieved removal ofhydrogen sulfide to <3 ppm, ammonia to 5 ppm andphenol to 20 ppm.
It must be stressed that the performance of an ionexchange process is very dependent on the compositionof the particular wastcwatcr being treated.
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MEDH'M:

PROCESS TYPE:
RELATED
SITE EXPERIENCE:

APPLICABLE
CHEMICALS OFINTEREST:
TECHNOLOGYSTATUS:

HESCRIPTTOfsti

iiiiii
I

NEUTRALIZATION(Ex Situ Treatment)
Contaminated pumped groundwaters, segregatedsurface waters and process wastewaters.
Chemical Reaction

Petroleum industry, wood treating sites, coke and coallav distillation sites, manufactured gas plant sites,chejnjcaXpl^tsjniothe.r

Metals, general inorganics.

Bench-scale, full-scale. Established technology that isgenerally used in most industries.
Neutralization is essentially the mixing of an acid and a
base. The addiiion rate of a given neutralizing agent iscontrolled via pH, The process can be either continuousor batch.
The batch process allows for the greatest controlbecause pH can be monitored and the discharge delayeduntil the proper pH is attained. Unfortunately, becauseof storage requirements, the batch orocess is normallylimited to streams with low flows. For medium to highflow streams, some form of a continuous process isrequired. This requires more elaborate control and feedequipment.
In general, the use of an equalization basin or multipleneutralization units is used when the desired accuracy ofthe effluent pH is critical. Waste streams where pHstability is low (unbuffered) require multiple neutralizingunits. For streams with excessive pH variations, anequalization basin helps to provide a Sow with less pHfluctuation.
The choice of a neutralizing agent is generally aneconomic one. However, compatibility with the wastestream and process equipment must be considered whendesigning a system.
Mixing of acidic an alkaline waste streams to achieveneutralization, if possible, is usually the most costeffective alternative. However, care should be taken soa* not to introduce additional pollutants that requirerAattgLfflitaKnt————— ——————~
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PERFORMANCE;ii

Consideration should also be given, during design of asystem, to the fact that neutralization is an exothermicreaction and, as such, will generate heat. Also, any toxicvapors that may be released should be considered.
The equipment required for neutralization is varied butwill generally include: a pH monitor(s)Y mixer(s),containment and chemical feed equipment. Figure 1illustrates a typical multiple unit continuous flowneutralization scheme.
Little relevant performance data is available. Availabledata indicates that total soluble metals can be decreasedby approximately 80%. In general, the degree oftreatment that can b$ achieved depends on the specificapplication.
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MEDlLMi

PROCESS_nT£;

RELATED SITEEXPERIENCE;

APPLICABLECHEMICALSOF INTEREST;

TECHNOLOGYSTATUS.-

DESCRIPTION!

IIIIIII

UV CHEMICAL OXIDATION(Ex Situ Treatment)

Contaminated pumped groundwaters, segregatedsurface waters and process wastewaters.
Chemical oxidation in the presence of ultraviolet (L'V)light using either hydrogen peroxide (H-. ̂1) or ozoneas the oxidantSj - - •" ~

Chemical industry, wood treating industry,manufactured gas plant sites, and the coking and coal tardistillation industry.

Cyanide, sulfide, volatile organic*, phenolics, reducedmetals, polynuclear aromatic hydrocarbons (PAH),pesticides, and conventional organic pollutant indicators(BOD5, COD, TOC).

Emerging technology with regard to the use of either Oior H2C>2 in the presence of UV light to chemicallyoxidise organic pollutants.
Both ozone (O3) and hydrogen peroxide (I-hCM areknown oxidizing agents which have the ability to ctiangcthe form of oxidizable chemical compounds through theprocess of chemical oxidation. The use of ultraviolet(UV) light in combination with ozone has demonstratedthe ability to enhance the reactivity of Oj or H202.Through this process, targeted chemical contaminantsare converted to chemical species which are neitherharmful nor otherwise objectionable. Given sufficientreaction time and oxidant, many organic compounds willbe converted to CC>2 and
Hydrogen peroxide is also utilized as an aqueoussolution for chemical oxidation. A 35 percent solution isavailable commercially. This solution is used full-strength or diluted, depending on the specific oxidationapplication. Metal catalysts are most often used withhydrogen peroxide treatment.
Ozone is cited by some researchers as being the second-most powerful oxidantt exceeded in its oxidationpotential onJy by fluorine. The effectiveness of ozone inoxidizing organic compounds in water is welldocumented- Ozone has been used in Europe since1903 for the treatment of drinking water. Ozone is anunstable compound and must be generated on-iite. For
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FIGURE 1

UV CHEMICAL OXIDATION TREATMENT SYSTEM SCHEMATIC
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commercial applications, ozone is produced through thedischarge of an electric current across an air streamcontaining oxygen. The ozone enriched gas stream iscontactecf with the water targeted for treatment in areaction vessel.
The UV light effect related to the basic law ofphotochemistry in that light that is absorbed by achemical compound will cause an absorbed chemical orphysical change in the chemical. The absorbance of UVlight typically causes a transition of electrons and asubsequent breaking apart of the chemical compound.Once this occurs, the chemical may be more susceptibleto chemical oxidation by either Oi or HiO* ̂ "Ic thisdescrition o e

DRAFT

_..,....«. wAiwauwu uy cuner Ui or I'^O^ ̂ ''e tn'sdescription offers a very simplified view of the UVChemical Oxidation process, much research work ispresently being earned out to better understand andquantify the complex chemistry associated with thistreatment process.
A schematic of a UV Chemical Oxidation system is givenin Figure 1. For the UV Chemical Oxidation process thereaction vessel design is altered to accommodateultraviolet lights.
Ozone can be generated from oxygen or air.Compressed air is used as the feed source in mostapplications. The air must be dried and filtered beforebeing sent to the ozone generator. Ozone generatingequipment operating on an air feed source produces anozone concentration in the exit gas of L • 2 weightpercent. With an oxygen feed source, a higher weightpercent of ozone (3-4%) is produced in the dischargefrom the generator. Oxygen is normally utilized only invery large systems due to economic reasons. Hydrogenperoxide is added in liquid form directly to the reactionvessel via a metering pump.

The reaction vessel is designed to provide intimatecontact between the oxidant and the water to be treated.Several reactor configurations are available. Reactorsare typically a minimum of 15 feet tall to ensure thatadequate contact time is available for the ozone to bereacted. The oxidant is introduced into the bottom ofthe reactor. The units are normally designed to beoperated in a countercurrent flow regime to enhancemass transfer. Off gas from an ozone reactor mzyrequire treatment for destruction of residual ozone priorto discharge to the atmosphere.
For this process th« reactor design is modified to include-the ultraviolet lamps* A typical UV reactor has severalchambers separated by raffles designed to provide atortuous flow regime. Each chamber is equipped with a

E> Sift TreAtntMQt* - -
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PERFORMANCE;
number of low pressure ultraviolet lamps.
Ozone and hydrogen peroxide are powerful oxidizingagents which have the ability to degrade organiccompounds through chemical oxidation. The use ofultraviolet light in combination with either 03 and^2^2 k35 ̂ en shown to enhance their reactivity withcertain chemical constituents. The degree to which UVChemical Oxidation oxidizes organic compounds isdependent upon: (i) the oxidant dosage, (ii) the initialconcentration of cnejujrals in solution and (iii) theirmolecular structure. Review of the literature datasuggests that there is competition among differentchemical groups for the available oxidant andabsorbance of UV light.
UV Chemical Oxidation with either 03 or ^02 hasbeen shown to achieve the following:
o Between 20 to 90 percent removal of cyanide,
o Between 25 to 99 percent removal of sulfide,
o Between 10 to 99+ percent removal of phenolic^and
o Between 50 and 99+ percent removal ofpolynuclear aromatic hydrocarbons.
The process appears to be well suited for reduction ofphenolics, polynuclear aromatic hydrocarbons,naphthalene, and cyanide. For the case of cyanide,ozone in the presence of UV light also has the potentialto break the iron-cyanide complex, which cannot beaccomplished biologically. Additional work is requiredto establish the capability of this technology to treatchemical compounds at site specific concentrations.
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TECHNOLOGYSTATUS;

DESCRIPTION;
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PHOTOLYSIS(Ex Situ Treatment)
Grounciwaters and aqueous or solvent extracts of soil orsludges.
Photochemical

None

PCB's, PCP, dioxins and other tcrjc chlorinatedcompounds are susceptible n photolysis - initiateddechlorination. Chemicals of interest are candidates ofUV catalyzed oxidation (using ozone, chlorine, orperoxide) as discussed in a separate technologydescription.

Emerging technology. Bench-scale, pilot-seal*, full-scale.
Two genera! types of photo reactions can be used inphotochemical treatment of wastes; direct photolysisand indirect photolysis. Direct photolysis involves lightadsorption by the substrate followed by chemicalreaction of the substrate in its electronically excitedstate. Direct photolysis is the only pathway forphotoreacxiofl in a reaction medium that is transparentto incident light.
Indirect photorcactions involve chemical reaction of asubstrate that is induced through light adsorbance byanother suwtrate in 'the system. Indirect photoreactionsare mediated by excited states of photosensitize^ bytree radicals of various types and by other short-livedreaction transient?.
U.V. photolysis can be used to "catalyze" or initiate thedechlorination of organic chemicals in either aqueous orsolvent systems. Degradation products of thesereactions include polymeric tais and oxygenatedcompound (in aqueous systems). Treatment (>95%conversion) of chlorophenote to below i punt andchlorinated dioxins to i ppb in a solvent system has beendemonstrated No treatability data for chemicals ofinterest have been found*
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MEDHA1:
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RELATED SITE
EXPERIENCE:
APPLICABLE
CHEMICALS OFINTEREST:

DESCRIPTION:

I

1
III DRAFT

REVERSE OSMOSIS(Ex Situ Treatment)

Contaminated pumped groundwaters, segregatedsurface waters and process wastewaters.
Phvsical

None

Metals, ammonia, nitrate, cyanide, thiocyanate, sulfate,dissolved solids, organic^ with a molecular weightgreater than 200.
Reverse osmosis is normally the final unit operation in awater treatment system, as it produces a very highquality effluent. Pretreatment is required ahead ofreverse osmosis to remove materials which may foul orchemically degrade the membrane. Pretreatmentprocesses which are typically employed include pHadjustment, softening, filtration andchlorination/dev ..formation.
The effluent from a reverse osmosis unit will include apermeate (clean water) stream and a concentrate(reject) stream. A schematic of a typical reverse osmosissystem is given in Figure 1. The permeate stream isnormally suitable for discharge, unless low molecularweight organics ars a concern. The concentrate streammay require additional treatment, such as evaporation, ifit cannot be icuscd in a process or directly disposed of.
Major components in a reverse osmosis unit include afeed pump, a preparation system, one or more highpressure pumps, a series of pressure vessels containingthe membranes and associated monitoring and controlequipment. A cooling water supply is required todissipate the heat added to the system by the highpressure pumps.
Membranes for the unit are avaiiable in several basteeonfiauruioRf, the most common being hollow fiber,spiral wound and tubular. Until recently, celluloseacetate was the primary material of construction for theactive layer of reverse osmosis membranes. Membranesutilizing active layers of poryamide and potysulfone.construction are now available and offer potentialadvantages over cctluio*e acetate in the areas of pHsensitivity, chemical resistance and water flux rates. Themembrane of choice for a particular application is

1 Ex Site TreatmentReverse Osmoais
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generally determined through pilot scale testing.
Reverse osmosis system performance is affected by a
number of operating variables and informationregarding effluent water quality is generally determined
on a case by case basis through bench or pilot scaletesting. Table 1 and Table 2 present typical membraneperformance data for a variety of inorganic and organiccompounds, respectively, as provided by a membranemanufacturer, . _ _ . . . . . . .
Reverse osmosis produces a high quality effluent streamwhich is normally suitable for direct discharge. Themajor exception to this would be the presence of lowmolecular weight organic compounds, such as phenolics,in the water to be treated. Treatabiiity work withphenolic contaminated wastewaters has indicated thatremovals of less than 50% are achieved for thesecompounds. LPi
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TYPICAL MEMBRANE REJECTIONS/PASSAGES - INORGANICS

Name
Cations
Sodium
Calcium
Magnesium
Potassium
Iron
Manganese
Aluminum
Ammonium
Copper
Nickel
Zinc
Strontium
Hardness
Cadmium
Silver
Mercury

Anions
Chloride
Bicarbonate
Sulfate
Nitrate
Fluoride
Silicate
Phosphate
Bromide
Borate
Chromate

Symbol

Na + -f
Mg+2
K + I

Fe + ~
Mn +2
AT3

NH4+ 1

Cu + ~
Ni+2
Zn+2
Sr+2
Ca and Mg
Cd+2
Ag+1

Hg4"2

cr1

SQ4'2
N03'1**
F1

SiO2"
2**p<V3

Br'l
8407"^**
Cr04'2"

Percent
Rejection

94-96
96-98
96-98
94-96
98-99
98-99
99+

88-95
98-99
98-99
98-99
96-99
96-98
96-98
94-96
96-98

94-95
95-96
99+

85-95
94-96
80-95
99+

94-96
35-70**
90-98

Perceut
Passage(Average)

5
- 3

3
5
2
2
1
8
1
1
1
3
3
3
5
3

5
4
1

10
5

10
1
5
.
6

MaximumConcentrationPercent

5-10
*
*

5-10
*
*

^O
10-20 &

3-8 CM
10-20 °°O10-20 o
10-20

.
*

10-20
*
„

5-8
5-10
5-15

3-6
5-8

10-20
5-8

a

8-12
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TABLE UContiqued)

TYPICAL MEMBRANE RACOONS/PASSAGES - INORGANICS

M« -,,c» ,OT precip,,alion, 0,ta ————b ̂^ ^^^
hxtremely dependent of pH- tends tn fv ™ui pn, icnas to be an exception to the rule. CM
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TABLE 2
TVPICAL MEMBRANE REJECTIONS/PASSAGES - ORGANICS

p11
1
1•11

Sucrose sugarLactose sugarProteinGlucosePheno!Acetic acidFormaldehydeDyesBiochemical Oxygen DemandChemical Oxygen DemandUrea
Bacteria & virusPyrogen

*** Permeate is enriched in

MolecularWeight
. . . 342360
10,000 up

180
9460
30

400 to 900(BOD)(COD)60
500,00-50,0001000-5000

Percent
Rejection

99.999.9
99.9+99

0«*
* * *
***
99.9

90-99.9
99.9

Maximum
ConcentrationPercent

30-3530-35
50-80
15-20—,,

-*—
• 41

-
40-60 Reacts similar to

99.9+
99.9+

material due to preferential passage through the

a salt**
«

membrane.
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MEDflAf:

PROCESS
TVPE:

RELATED SITEEXPERIENCE:

APPLICABLE
CHEMICALS OFINTEREST:

TECHNOLOGYSTATUS:III
DESCRIPTION:

IIIII

SOLVTNT EXTRACTION(Ex Situ Treatment)

Heavily contaminated pumped groundwaters.segregated surface waters and process wastewaters.

Preferential absorption of chemicals of interest intowater insQluble.&QJV-ent liquid.

Used by the chemical industry, the pharmaceuticalindustry, and the coking and coal tar distillation industryfor treatment of process wastewaters where chemicalrecovery is economically warranted.

Volatile organics, phenolics, polynuclear aromatichydrocarbons (PAH) and polychlorinated biphenyls(PCB).

Established technology with regard to chemicalprocessing and process wastewater treatment wherechemical recovery is economically warranted. Bench-scale, pilot-scale and full-scale.
With regard to removal of organic chemical compoundsfrom an aqueous stream, solvent extraction refers to aprocess whereby the liquid water is contacted with aliquid solvent which results in targeted chemicalcompounds being preferentially absorbed into thesolvent phase thereby being removed from the waterstream. The solvent is usually immiscible with water,having a density either greater or less than waterdepending upon the particular solvent being used. Thechoice of solvent is determined by the targetedchemicals to be removed. Once in the solvent phase, thesolvent can be disposed of or regenerated by selectiveremoval of the contaminant chemical compounds fromthe solvent.
Extraction equipment may be operated batchwisc orcontinuously. For either mode, the water and thesolvent must be brought into good contact to permittransfer of chemical compounds from the aqueous phaseto the solvent phase. For the batch operation mode, aquantity of aqueous liquid is mixed with a quantity ofsolvent in an agitated vessel, after which the immisciblelayers are allowed to settle and are separated into the-extract and raffinate phases. The rafinate refers to thetreated water reduced in chemical contaminants, and the
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extract refers to the solvent containing the absorbedchemical contaminants.
With regard to continuous treatment operation. Figure 1depicts a mixer-settler extraction system. Forcontinuous flow, the mixer and settler must be separatepieces of equipment. The mixer may be a small agitatedtank provided with inlets and a drawoff line and bafflesto prevent short-circuiting; or it may be a centrifugalpump or other flow mixer. The settler is often a simplecontinuous gravity decanter. As illustrated, severalcontact stages are usually required with a train of inseries mixers-settlers operated. The raffmate, i.e. thejreated water, from each settler becomes the feed to thenext mixer, where it meets intermediate extract, i.e.solvent with absorbed chemicals, or fresh solvent. Theprocess results in a continuous countercurrent flow ofwater to be treated and solvent.
Figure 2 depicts a continuous tower extractor process.Here, as heavier liquid added to the top of the extractorflows downward, it contacts the lighter liquid risingupward. This results in a continuous transfer of materialbetween the two different phases with the compositionof each phase changing as it flows through the towerreactor. The reaction zone may be a series of trays,packed media, or an agitated zone. Depending uponspecific conditions. The heavy or light liquid could referto either the water to be treated or the solvent.
As previously stated, solvent extraction is best suited forgross reduction of chemical contaminants from waterwhere product recovery is economically warranted. Assuch, it is not a viable technology where lowconcentration of chemicals in solution is required.
The main applications to which solvent extraction is bestsuited is treatment of process wastewaters withsubsequent product recovery. Examples include phenolrecovery, acetic acid recovery and recovery ofpharmaceuticals and other organics from processwastewaters.
Screening of different solvents can easily be achievedthrough bench-scale testing.
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FIGURE 1

SCHEMATIC DIAGRAM OF A CONTINUOUS MIXER-SETTLER
SOLVENT EXTRACTION PROCESS
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FIGURE 2

PROCESS SCHEMATIC FOR CONTINUOUS
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COLUMN REACTOR SOLVENT EXTRACTION
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MESIU&
PROCESS
RELATED SITE
EXPERIENCE;
APPLICABLECHEMICALS OFINTEREST;
TECHNOLOGYSTATUS:

DESCRIPTION:

i

WET AIR OXIDATION(Ex Situ Treatment)
Aqueous or aqueous-organic (including sludges).
Chemical Destruction

None.

All sulfide.

i

Established technology as a sludge conditioningtechnique at municipal wastewater (biological)treatment plants. Emerging technology for industrialwastewater treatment.
Wet Air Oxidation (WAO) is the oxidative degradationof organics in aqueous streams using air as the oxygensource. Destruction of most organics requirestemperatures between 350 and 650°F and pressures of1,000 to 3,000 psig. WAO may be appropriate foraqueous waste streams that are too dilute foreconomical incineration. Most organics can be treatedby WAO, although the reaction conditions required varyconsiderably between different types of compounds. InWAO the destruction efficiency for the original organicis typically greater than 99 percent. COD reductionranges from 75 to 95 percent. Final degradationproducts of the initial organics include carboxylic acidsas well as carbon dioxide and water. Catalysts have beenshown to increase the oxidation reaction rates andincrease the conversion (degree of oxidation). Sincecomplete oxidation of all organics (100 percent CODreduction) is not normally economically feasible, effluentfrom a WAO process must usually undergo furthertreatment. This would typically be bio-treatment in anon-site system or by discharge to a POTW, since wetoxidation generally converts organics to partiallyoxidized molecules which are more amenable tobiological treatment Catalysts have been investigated toimprove WAO technology performance andapplicability.
In typical WAO systems wastewater and air arecontinuously injected into a high pressure reactor. Heatis supplied by the heat-of-rcaction of the oxidatkmprocess, although auxiliary heat input may be requiredfor start-up or for aqueous wastes having very toworganic concentrations. WAO reactor effluent is copied
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PERFORMANCE:

prior to discharge. Non-condensable "combustion" gases(nitrogen and carbon dioxide) which are generally freeof acid gases, but may contain some volatilehydrocarbons, are vented to the atmosphere, afteremission control as necessary.
A typical flow diagram of the wet air oxidation unit isshown in Figure 1. Influent seed can be pumped toholding tanks in order to achieve a fairly constant flowand composition. The feed is pumped to the systemusing a positive displacement high pressure pump.These pumps can accommodate low levels (less than 5.percent) of fine non-abrasive solids. The feed is heatedin a feed/effluent exchanger. Air is introduced at thehigh pressure pump or injected directly into the bottomof the wet oxidation reactor.
The heat released by the oxidation reactions raises thereactor temperature to between 400 and 600°F.Preheating of the feed may be necessary to maintain thereactor operating temperature for waste streams that donot contain enough oxid-'.able organic to supplyadequate heat. Alternatively, fuel might be aoaeddirectly to the waste to increase its heating value.
Hot oxidized effluent is cooled by heat exchange withthe reactor feed before pressure let down through acontrol valve. Liquid and non-condensable gases aredisengaged in a separator drum. The treatedwastewater from the separator typically containscarboxylic acids, aldehydes and other simple oxygenatedhydrocarbons. The non-condensable gases containoxygen, nitrogen, carbon dioxide and some volatilehydrocarbons. These gases may undergo furthertreatment before discharge to the atmosphere. Thismight include vapor phase carbon adsorption, fumeincineration! or scrubbing.
Full-scale experience indicates that the toxicity ofwastewatcrs with high levels of organics can be greatlyreduced by WAO treatment. Typical WAO treatmentcan destroy 99 percent or more of phenols, cyanides,aromatic* and PAH in wastewater. Effluentconcentrations of 1 ppm or lower have been achieved inlaboratory or pilot studies. WAO treated wastewaterusually requires further treatment (e.&, biological) toremove intermediate oxidation products.
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RELATED SITEEXPERIENCE
APPLICABLECHEMICALS OF
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TECHNOLOGYSTATUS:
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SONIC TREATMENT(E* Situ Treatment)

Contaminated pumped groundwaters, segregatedsurface waters and process wastewaters. ^^egaiea

Physical separation

Petroleum industry.

^insoluble portion of all the organic chemicals of

Bench-scale, pilot-scale, full-scale. An emergingtechnology with full-scale applications in the petroleumindustry.
Sonic energy can be used to break emulsions ofhydrocarbon and water which may also containsuspended solids. This is strictly a mechanical process;no chemicals are required. Sonic treatment works bydelivering mechanical energy (sound or compressionwaves) to the surface of the dispersed droplets in theemulsion. This ruptures the surface of the droplets andresults in their coalescing into larger drops. These dropscan then be removed by settling or centrifugation. Sincehydrocarbons are poor transmitters of sound waves,sonic treatment requires water as the continuous phase.Emulsions of hydrocarbon droplets dispersed in watercan be treated as is. Emulsions with hydrocarbons as thecontinuous phase require the addition of extra water.This water can be recycled back from the final phaseseparation so that no extra wastcwater is generated.

A schematic diagram representing a typical sonic energyemulsipn breaking system is shown in Figure 1.Emulsions or sludges can be pumped fromcontaminated wells or ponds to a heatedstorage/equalization tank. Equalization is needed toprovide a uniform flow and composition to the sonictreatment unit. Emulsion from the tank is pumped tothe treatment unit where it is subjected to sonicvibration at approximately 18 to 27 kifohertz. Typicalsonic treatment unit* have a rectangular chamber with aresidence time of 5 to 10 minutes.

o
K^
CO
Oo

I DRAFT Ex Site TreetmeatSonkTreafcnent

008306



- I
SONIC TREATMENT PROCMSS SCI IEMATIC DIAGRAM
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3.3 ON-SITE SOIL/RESIDUE TREATMENT
COMPOSTING
ENGINEERED BIODEGRADATION SYSTEMSM(EBDSSM)
INCINERATION
SOIL WASHING
STABILIZATION
THERMAL DESORPTION
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EXPERIENCE:
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DESCRIPTION:
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II PERFORMANCE:
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COMPOSTING(Ex Situ Treatment)

Contaminated soils, sludges and tars.

Biological

Manufactured gas plants, chemical plants.

Soluble organics.

Established technology for the conditioning of municipaltreatment sludges. Emerging technology for industnalapplications. Bench-scale, pilot-scale, fun-scale.

Composting is a biological process used typically for thetreatment of wastes with high concentrations ofbiodegradable organic solids. This process is generallyapplied to the treatment of contaminated solids/soils,although concentrated waste streams have been treatedfollowing blending with a bulking agent. Wastedestruction and conversion is achieved by the use ofthermophijic aerobic microorganisms which occurnaturally in decaying organic matter. The use ofspecialized microbiaj strains, not typically consideredcomposting, has become an increasingly popular methodof treatment for compounds thought previously to beresistant to biodegradation.
The composting process is a four step procedureoperated continuously to achieve a high degree of wastereduction. The first step involves the mixing of wasteswith a bulking agent to enhance aerobic conditions. Thisis done by increasing porosity, thus providing greateroxygen transfer, and also by decreasing the moisturecontent of the mass* Secondly air, and indirectly heat,are introduced to the system promoting the thermophilicconditions necessary for aerobic decomposition of thesoluble organic wastes. Next further waste stabilizationis achieved by a curing step. The last step involves theseparation of the bulking agent from the stabilizedsludge for reuse. A schematic of this four step process is

1. '
The specific application of this technology to chemicals

1 Ex Site TreatmentCoanpoftiaf
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IIIII
of interest is uncertain. Some preliminary studies showpromising results, aJthcugh final contaminant-specificend points have not been determined. A summary ofrelevant results is as f: 'ows;
o Greater than 62% degradation of pyrenechrysene degradation in excess of 25% in aterm laboratory study.

. .Greater than 90% degradation of coal tars
achieyed during an MGP facility remedial effort.
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ENGINEERED BIODECRADATION SYSTEMSM

(Ex Situ Treatment)

Excavated surface and subsurface soils.
Biological (aerobic or anaerobic) oxidation,adsorption/desorption, volatilization.

Petroleum industry, wood treating industry, coke and-coal tar distillation industry, manufactured gas plantsites and other organic chemical industries.

Biodegradable inorganics (e.g. sulfide, cyanide,
ammonia), phenolics, polynuclear aromatichydrocarbons (PAH), volatile organics, polychlorinatedbiphenyls (PCB), and conventional pollutant parametersindicative of organic compounds (e.g. BODc, COD,TOC).

Conventional land treatment is an establishedtechnology for the petroleum industnt, EngineeredBioDegradation System5™ (EBDS^4) treatmentrepresents Keystone's engineered approach of a landtreatment technology for contaminated soils. In thisregard, EBDS5M ts an emerging technology gainingacceptance for economical treatment of excavatedsurface and subsurface contaminated soils. Bench-scale,pilot-scale and full-scale applications have been carriedout.
Keystone's Engineered BioDegradation System^
(EuBS5M) soil treatment technology is a proprietaryprocess for biological treatment of contaminated soils.A service mark and patejiuinder the name EngineeredBioDecradation SwijnrM( or EBDS5M, have beenapplied for. EBDS^M soil treatment is defined as a unitprocess that treats contaminated soil utilizing thecapacity of the soil matrix to biodegrade and immobilizethe contaminants of interest. For such treatment, theproper environment must be maintained to promote andsustain biological activity,

EBDS5^ soil treatment process design is based on anumber of factors including:

DRAFT
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Soil type and characteristics,Hydrogeological conditions,Site topography,
Meteorplogic conditions,Proximitv of site to receptors,Potential emissions,
Potential exposure pathways,
Acceptable exposure levels (AEL) andFuture development plans,

Figure 1 schematically illustrates that EBDS^ soiltreatment is an aerobic soil mixture approximately 0.5 to1,5 feet deep that is managed to promote the growth ofindigenous microorganisms to biodegrade contaminantsand to promote immobilization of contaminants. Thefigure also indicates the numerous faciors accounted forin design and operation of an EBDS51^ soil treatmentprocess. The contaminated soil can be handled in avariety of manners to minimize odors and provide gooddistribution by plowing, disc harrowing, or other similarmethods. Blending of highly contaminated soils withsoils of lesser amounts of contamination is sometimesnecessary depending upon the type and concentration ofcontamination. The mixing also provides aeration of thesoils to enhance biological activity. In some cases,nutrients or fertilizer may be required to maintain theproper microbial environment and lime may be neededperiodically for pH control.
In many situations the foundation of an EBDS^ unitcan be a specially prepared soil bed rather than a linedsystem of some sort. The soil bed is designed to reduceor eliminate downward percolation of excess water tothe underlying groundwater by enhancing runoff which iscollected and recycled as irrigation water. The unit isdesigned to prevent precipitation run on so that watermoving through and around it can be controlled. Thesize of an EBDS^"1 unit can range from a quarter of anacre to ten acres or more. The system is engineered in amanner appropriate for the situation taking into accountavailable land area, the amount of raaterialto be treatedand the time frame of treatment.

The viability of EBDSS^ soil treatment rests on itscapability to reduce the soil concentration of chemicalsof interest to acceptable levels through biological andchemical transformation* along with controllingemissions, i.e. volatilization and leachate, of chemicalcompounds from the EBDSdM treatment unit belowlevels that could cause public health or environmentalconcern. Using the results of laboratory experiments, inconjunction with transport and fate analysis of particularchemicaL constituent* of the soil an evaluation ofEBDS5M apfl treatment can te performed
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FIGURE 1

KEYSTONE'S EBDSSM SOIL TREATMENT UNIT PROCESS SCHEMATIC
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Figure 2 is a schematic diaocajti of a system to manageimpacted soils using EBDS^M treatment on site. Soilsare excavated and hauled to a biodegradation treatmentarea located in a portion of the site where it will notinterfere with the on-going development. The soil istreated for subsequent use. Two options are shown foron site disposition of treated soils. In one instance thetreatment area can be designed to accumulate the soilsin layers so that over time the treated soils represent afill of significant thickness. When all soils are treated,th<? treatment area is closed and incorporated into thedevelopment. Closure may include cover and grading tomatch final site contours and drainage patterns. Thisoption is particularly suited to fill in a depression on thesite or to add elevation to a pan of the site. "Hie optionrequires only one handling of the soils. A second optionis to remove a batch of treated soil and use this soilelsewhere as needed. In this manner soil moves throughthe treatment area in br.tches rather than beingaccumulated within the treated area. This optionrequires an additional handling of the soil, but H canproduce a material of construction. The choice betweenthese two disposition alternatives will depend on sitecharacteristics, development plans, the nature of thechemicals and other relevant factors. The criterion forchoosing a particular management strategy is to satisfythe relevant risk criteria and the site development plansin a cost effective manner.
Through extensive bench-scale, pilot-scale and full-scaledemonstration testing, Keystone has determined thatEBDS5M treatment is a technically viable andeconomically attractive approach for biologicaldegradation of organic materials from petroleumrefineries, wood treating facilities, chemical plants andmany other industries which have wastes containingchemicals similar to coke/coal tar wastes.
Keystqne. has installed and is operating a quarter acreEBDS:>M unit in New Hampshire treating soils from aformer wood preserving operation. The soils arecontaminated with polynuclear aromatic hydrocarbons(PAHs), pentachlorophenol (POP) and petroleumhydrocarbons. This unit treats approximately 600 tonsof soil in one batch. Temperatures in New Hampshireare such that normally two batches per year can betreated The objective of this system is to reduce oreliminate the previously listed chemicals in both the soiland the soil-water leachate.

Figure 3 is an engineering drawing showing the planview of this unit Shown are the treatmentplot, a stormrunoff retention pond and a control plot Contaminated
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FIGURE 3
ENGINEERED DRAWING OF KEYSTONE'SBioDEGRADATION SYSTEM s*(MODEL 50-aOOU)
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soil to be treated is hauled into the treatment unit andspread in an approximately 30 cm layer over the entireunit. Amendments are added to provide proper nutrient
and pH control. The final grade of the applied soil issloped to direct runoff within the treatment areatowards the storm runoff retention pond. The finalslope is set based on soil type to prevent ponding andreduce or eliminate downward percolation while at thesame time being gradual enough to control soil erosion.Site soil conditions are such that this particulartreatment plot is constructed of prepared soil bed withno liner. Eastern berms are provided around the entireperimeter to control storm water runoff and run on. Asone layer of applied soil is treated, a second layer ofcontaminated soil is placed on top of the treated soil forsubsequent biodegradation of soil contaminants.
Storm water from the treatment area is conveyed bygravity to a lined retention pond. The pond is designedto contain storm runoff from the treatment plotcorresponding to a 25 year 24 hour storm event.Collected water is reused on the treatment plot asneeded for moisture control. Supplemental water is alsoavailable when needed.
The particular engineering design given also shows acontrol plot. This plot was constructed and used forquality assurance/quality control (QA/QC) purposes.The control plot was not loaded with contaminated soil.but was operated and monitored in the same manner asthe treatment plot and thus served to providebackground conditions. Operation and monitoring ofthe control plot was only carried out during one treatingcycle after which time the capabilities of the EBDS5™soil treatment process were demonstrated.

soil treatment is very effective in reducingbiodegradable organic contaminants in soil. Asevidenced by the data given in Table U over two years ofsoil treatment with multiple treating cycles at the NewHampshire site achieved 85 percent reduction in freonextractables, a measure of hydrocarbons present, 73percent reduction in pentad .lorophenol and 87 percentreduction in total polynuclear aromatic hydrocarbons(PAH). The more soluble PAHs generally achievebetter reductions than the less soluble PAHs. Hence,even though PAHs are still detectable, they are not verymobile due to limited solubility in water.

DRAFT

The potential for teaching & assessed by the TcadcityCharacteristics Leaching Procedure (TCLP). This test-mixes water and solids under controlled conditions for aspecific time period, after which the water U analyzedfor chemicals. Typical TCLP results from the New
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III TABLE I
KEY STONE'S EBDSSM SOFL TREATMENT PROCESS

PERFORMANCE HIGHLIGHTSi Aqueous Untreated Soil Treated Soil
hemical Parameters

rreon Extractables
'etroleum Hydrocarbons'entachlorophenol
otynuclcar Aromaticvdrocarbons

js'aphthalenecenapheneAcenaphthylenethraceneluorene'henanthreneBenzo (a) anthracene
BhryseneuoranthenePyrene

:nzo kj fluorantheneJenzo a) pyrenc
Jenzo b) fluoranthene>ibenz (a,h) anthracene
[ndeno (1,2,3-c.d) pyrene:nzo (g,h,i) perylene
"otal PAH

Solubility Avg. Cone. Avg. Cone.
(ug/1) (mg/kg-dry weight) (mg/kg^lry weight)

317003930
73

1980
129014

2260
135
3.8

2.49
0.26

72352227
67

858
314

25
1360471
1030
106
89

61350315233312: 1 1 .2
1L2

5472

110368018

20
19

< 1.0385538281334
2449
17
114
11

695

Percent
Reduction

8569
73

O
CM

98 ^
94 CO
% o

92
92
86
95
95
7261
49

87

iNote: Data represents two month treating cycle. Depending upon site specific conditions and specifi<• operations, further reductions may be achievable.9

Less than values represent detectable concentrations.
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TABLE 2

KEV'STONE'S EBDSSM SOIL TREATMENT PROCESSTYPICAL TCLP EXTRACT PAH CONCENTRATIONS OF UNTREATED AM)
TREATED SOIL

iiiiii

ii

iii

Chemical Parameters
NaphthaleneAcenaphtheneAcenaphythlene
AnthraceneFluorenePhenanathrene
Benzo (a) anthraceneChryseneFluoranthenePyreriCBenzoBenzoBenzo

kj fluroanthenea) pyrenebj fluorantheneDibenz ( a,h) anthraceneIndeno (1,2,3-c.d) pyreneBenzo (g,h,i) perylene

Aqeous
Solubility

31700
3930

73
1980
129014

2
260
135

41

3.8
2.49
0.26

TCLPBefore
Treatment
(mg^L)

1 .610.213
0.0520.018
0. 159
0. 155

0.00008
<0.000150.0086

0.0063
< 0.00002
< 0.00002
< 0.00002< 0.00003
< 0.00005
<0.00005

TCLP I
After ..J

Treatment 1
(mg^L) 1
<0.001 I
< 0.0005 I< 0.0005 |
<0.0005 rtl |< 0.0005 w I
< 0.0005 w 1
< 0.0005 ^ 1
< 0.0005 CD 1
<0.0005 o< 0.0005 0< 0.0005
< 0.0005
< 0.0005
< 0.0005
<0.0005
< 0.0005

Note; Less than values represent detectable concentrations*
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MEDIUM:
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PROCESS TYPE:
RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECH>.fOLOGYSTATUS:

DESCRIPTION;
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INCINERATION(Ex Situ Treatment)

All waste forms except laree items which cannot beeasily reduced in size to fit normal incinerationequipment. Contaminated groundwater or surfacewater are not logical candidates.
Therms!... ...

Petroleum industry, wood treating industry, coke andcoal tar distillation industry, manufactured gas plants,chemical plants and other industries.

AJI organic chemicals of interest, ammonia and sulfurcontaining inorganics. Metals are not treated.

Established technology for the treatment of industrialhazardous wastes. Bench-scale, pilot-scale, full-scale.
Incineration nominally refers to the nigh temperatureoxidation of organic wastes, although incinerators can bedesigned to treat contaminated water, soil and debris.The basic incinerator process components typicallyinclude a primary and secondary combustion chamberfollowed by an air pollution control system. The wastesare fed to a primary incinerator and the organics arevolatilized into the gas phase and either pyrolized (instarved air environments) or oxidized (in the presence ofair) to simpler combustion products such as CO^ F^O,HC1 and SO^ Nitrogen containing compounds, i.e.NQ_ may also be formed from combustion of ru'trogen-confcining organics or cyanides or fixation of nitrogen inair. Liquid wastes can often be incinerated completelyusing a single high temperature combustion chamber.For solid or sludge wastes, a higher temperaturesecondary combustion chamber (SCC) is usuallyrequired after the primary combustion chamber toensure complete destruction of all volatilized organicsthat might remain in the primary combustion fuel gas.
A general schematic flow diagram of the basic systemcomponents for a conventional incineration system isgiven in Figure 1. Thi» system is described below.
Feed system - The principal Functions of the solidsmaterials handling and feed systems are: (1) to alter thesolid waste physic, j characteristics byshredding/crushing, screening and blending so the
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PERFORMANCE;

materials can be fed into the thermal treatment system,and (2) to provide an inventory of feed materials.Dewatering is recommended if the wastes contain morethan 50 percent water.
Thermal Processing Equipment - Thermal processingequipment typically consists of a primary and secondarydevice, although some systems use a single unitoperation, e.g. most fluid bed and all liquid incinerators.The primary chamber may be operated in either anoxidative or pyrolyiic (starved air) mode or may functionas a thermal desorber to vaporize and separatecontaminants from the nonvolatile inert solids. The off-gas from the primary chamber is typically combustedunder oxidative conditions in a secondary combustionchamber.
Ash Handling Equipment - Ash treatment systems mayinclude: (1) adding water to cool the ash and minimizepotential dust problems, (2) cooling the ash byexchanging heat witf either air or water, or (3) storingthe ash until it can slowly cool by natural radiation andconvection. Heavy metals are mostly concentrated inthe ash and must be analyzed to determine if theteachable metal concentrations exceed EPA toxicitylevels.
Heat Recovery - Energy recovery is an importanteconomic consideration for large fixed-base facilities,particularly if auxiliary fuel requirements are high andthere is a readily available outlet for the steam (and/orelectricity) which can be produced.
Air Pollution Control (APC) Equipment • Three typesof APC systems are commonly used: wet systems, drysystems and acid gas neutralization. Dry system areusually more efficient than wet systems.
APC Process Residue Treatment - All types of APCsystems will generate a "by product" or "blowdown"which will require-treatment and/or disposal. Wetscrubbing systems produce and aqueous effluent (purge)stream that may require pH adjustment, heavy metalsremoval and/or suspended solids removal beforedisposal. The dry in situ systems produce solid saJtresidues during the acid gas neutralization step. Thesesalts are collected in a cyclone and baghouse and mustbe disposed of.
Treatment efficiency as measured by DestructionRemoval Efficiency (ORE) has been measured as_> 99.99 percent for various hazardous organic chemicals.-Specific ORE data for chemicals of interest are notavailable. Performance of on-site incineration has not
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„ RELATED
• SITE EXPERIENCE:

• APPLICABLE

iCHEMICALS OFINTEREST:

iTECHNOLOGYSTATUS:

DESCRIPTION-
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SOIL WASHING(Ex Situ Treatment)

Comaminaiea soils or solids (e.g. debris).
Physical

Wood treating industry, coke and coal tar distillationindustry.

Water soluble compounds of interest (phenols) are mostapplicable. Compounds having reasonable watersolubility (aromatics, napthalene) may be applicable.
PAHs could be ap^'able if surfactants or organicsolvents can be used. Metals and insoluble cyanide saltsare potentially extractable using acid or chela'm aqueouswash.

rimarilDeveloping technolo^ that has been -..uiaiuydemonstrated in the laboratory. Bench-scale, pilot-scale. Established technology in the coal miningindustry.
Soil washing is a physical separation procedure fordetoxifying contaminated soil that involves the washingof contaminants from the soil (or other inert solids) intoa liquid medium. This technique can be carried out inequipment that is designed for contacting excavated soilwith the liquid, or the washing can be carried out in situby applying or injecting the liquid into contaminated soil.After contact with the soil, the washing solution istreated for removal of the contaminants and thenrecycled for additional soil washing. In some casesmultiple washings are required to reduce thecontaminant concentration to acceptably low levels. Forcleanups involving excavations, *he decontaminated soilis redeposited in the excavation area.
Figure 1 represents a schematic of a full-scale soilwashing system in which the contaminated solidmaterials are charged to the unit in conjunction with thewashing solution. Based on the soil cleanuprequirements, multiple washing cycles may be necessary.The cleaned solid materials can subsequently bedischarged back to the site, ITie washing solution can bereused in the process or discharged to a waste watertreatment plant for necessary treatment
Generally, contaminants are held on the solid surface by
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FIGURE 1
SOIL WASHING SCHEMATIC DfAGRAM
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MEDIUM:

PROCESS TYPE:
RELATED
SITE EXPERIENCE:

.APPLICABLE
CHEMICALS OFINTEREST:

TECHNOLOGYSTATUS:

DESCRIPTION:

IIIIII

STABILIZATION(Ex Situ Treatment)

Sludges; potentially solid residues and contaminated
soils.
Chemical/physical

Petroleum industry wood treating industry, chemicalindustry.

Metals, CN. Low concentrations of organic chemicals ofinterest.

Established technology with changing modifications.Bench-scale, pilot-scale, full-scale.
Stabilization refers to treatment processes which areintended to modify the characteristics of wastes orcontaminated materials to facilitate handling anddisposal and decrease the potential for release ofpollutants.
The process operation can take place in situ, on siteusing transportable process equipment, or at a fixedbased disposal facility. Equipment requirements arelargely determined by the type of mixing employed. Allsystems consist of the following steps:
o Mixing the waste with the treatment ingredients,
o Allowing time for the absorption, gelJingreaction, or curing to take place and
o Disposition of the solidified product.
In situ mixing is pnmanly suitable for the closure ofliquid or slurry holding ponds or lagoons. Although siteclosures have been done using standard rarth-movingequipment, such as bulldozers and backhoes to mix thesolidifying ingredients into the waste, specializedequipment has been developed by some vendorswhereby the solidifying ingredients are fed, injected andmixed into the waste by pneumatic vibrating "fingsrs".The mixture U allowed to cure and remain in place. Thepond is closed in stages. Solidification is first done neara bank and when the waste is cured to an adequatecompressive strength, the equipment is moved onto thetreated area and another section b then solidified An

o
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alternative in-place technique, the JST Method which is
to be tried at a Supcrfund site, uses a giant auger toloosen and blend the soil with stabilization agents, withthe process being repeated in adjacent locations untilthe entire contaminated soil volume is treated(Hazardous Waste Consultant, 1987). Quality controlcan be a problem with in-place mixing.
On-site mixing is primarily used for site cleanup andclosure of waste ponds or contaminated solids. Many- stabilization vendors today have specialized mobilemixing plants that can be brought readily to the siteadjacent to the waste. Otherwise conventional/mortarmixing equipment or pugruiU systems can be assembled.The waste is conveyed to the mobile unit and mixed withthe solidifying ingredients and then is usually dischargedto a nearby specially prepared area for curing prior toplacement in a landfill or vault on site or transfered offsite. Materials handling is a major factor in performingstabilization. Wastes before and immediately aftertreatment are often pumpablc and can be conveyed to

and from the mixer by pipeline. Otherwise, dredgingequipment and trucks or mobile containers are used.Contaminated soils must be handled using solids-transfer equipment The size of solids which can betransferred and mixed will be limited depending on thetype of system.
Performance has traditionally been determined bymeasuring the concentration of EPA designatedcontaminants in an aqueous extract of a treated wastesample. Various vendors practicing stabilization havereported concentration of metals can be as low as EPAdrinking water standards for suitable wastes andstabilization formulations. Wastes containing organic*have been stabilized to result in significant reduction inleached organic contaminants. Test data for basicallyinorganic sludges containing low levels of PAH haveshown less than 1 ppb PAH in extract. Performance asdetermined by achieving a solid material (no free liquid)with characteristics suitable for placement in a landfillhas been demonstrated on inorganic and organicsludges. Performance if very waste-dependent andformulations to successfully "fix" organics arespecialized. Performance as measured by long termstability of the contaminants in a landfill environment isnot well documented.
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MEDIUM:
PROCESS TVPE:
RELATED SITE
EXPERIENCE:
APPLICABLE
CHEMICALS OF
INTEREST:
TECHNOLOGY
STATUS;

DESCRIPTION:

THERMAL DESORPTION(Ex Situ Treatment)

Soils, sediments and sludges.
Thermal/physical separation

None

All organic chemicals of interest and cyanide.

Emerging technology for treating wastes orcontaminated solids. Previously utilized for chemicalmanufacturing and incineration of sludges and soils.Bench-scale, limited pilot-scale and limited full-scale.
Thermal desorption refers to the separation of chemicalconstituents that can be volatilized from nonvolatilesolids, such as soil. It requires heating the solid toelevate the vapor pressure of the chemical to enablediffusion through and volatilization from the waste in areasonable time. Desorption temperatures are lower,and in most cases much lower, than the temperaturerequired for thermally induced decomposition reactions,e.g. oxidation and pyrolysis, to occur. This distinguishesthermal desorption from incineration, in whichcombustion (destruction) of the contaminants isintended. A schematic diagram of a typical thermaldesorber system is presented in Figure 1.
Thermal desorption can be coupled with incineration todestroy the volatilized constituents. On the other hand,alternative process techniques can be used for collectingthe volatilized constituents. In this case, the processserves as & volume reduction technique, concentratingthe contaminants in a very small volume, whichfacilitates disposal -or treatment and provides theopportunity in certain cases for recovery/reuse.
Thermal desorption can be performed in a variety oftypes of equipment which can provide adequate heattransfer and vapor release. As with incineration of soilsor sludges, the total heat required is a function of theamount of moisture, and to a lesser extent organiccontent of the solid (soil), and the temperature that mustbe achieved. Indirect heat transfer is preferred since thequantity of desorber off-gas is much lower than fordirect heating options, either direct fired, e.g. lain, orthose using hot gas, e.g. Quid bed. In fact, for desorption
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PERFORMANCE;

iiiiiiiii

systems that employ off-gas treatment/collectionprocesses rather than incineration, the volume ofprocess emissions is so low that the total system might beconsidered "closed". The choice of desorber for treatinga particular contaminated solid depends on the requireddesorption temperature and the physical characteristicsof the solid. Maximum solids temperatures requiredmay range from 150 to over 500°C Volatile organicsolvents can be desorbed using steam as a heat source;less volatile materials require higher temperature heattransfer fluids or a .furnace. -
A large fixed-base facility has been used for treatingcontaminated soils from abandoned coal gasificationplants as well as other Contaminated soils in theNetherlands. This unit, designed, built and operated byEcotechniek, has been operating since 1983. It uses anindirectly heated rotary desorber with an oil-fired fumeincinerator for off-gas treatment. PAH levels have beenreduced from over 1,000 ppm to less than 1 ppm; totalbenzene, toluene, xytene, and naphthalene nave beenreduced from 100 ppm to less than 1 ppm; cyanides havebeen reduced from 80 ppm to less than 1 ppm. Highertreatment efficiencies could have been achieved withmore rigorous desorption conditions. A pilot-scale studyof coal gasification plant soils was conducted by anotherNetherlands firm which followed extensive laboratorytreatability tests. Cyanide levels were reduced at 2 ppmat 300°C desorption temperatures, whereas PNAs werereduced to less than 10 ppb, the analytical detectionlimit. This pilot unit consisted of an indirectly heatedrotary desorber followed by a fume incinerator.
Pilot-scale tests have also been conducted by severalfirms at different sites. Table 1 summarizes these tests.Laboratory testing by IT of sludge from a wood-treatment site demonstrated PAHs were reduced from> 10,000 pp, to nondetectablc levels (<2 ppm).
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3.4 OFF-SITE SOIL/RESIDUE TREATMENT

INCINERATION (SEE SECTION 3.3)
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4.1 OFF-SITE WATER DISPOSAL
INDUSTRIAL TREATMENT WORKS
POTW
NPDES
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PROCESS TYPE:
RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS
OFINTEREST:

TECHNOLOGYSTATUS:
DESCRIPTION:

INDUSTRIAL TREATMENT WORKS(Discharge)

Raw and untreated groundwater, surface waters andprocess wastewaters.
Discharge to a permitted industrial treatment works.

Wood treating industry, coke and coal tar distillationindustry, chemical plants and other industries.

I

1

All chemicals of interest provided that the receivingtreatment works can handle the particular wastewater.

Established alternative. Full-scale.
This option involves the transport of contaminatedwastewater to industrial facilities which are capable ofproviding the type of treatment required for restoration.A typical example is the DuPont treatment workslocated near Philadelphia, Pennsylvania. DuPontoperates a large scale activated sludge system which usespowdered activated carbon in its process. This system,which has a capacity that exceeds the treatmentdemands of Dupont, accepts wastewater for treatmenton a surcharge basis.
If an acceptable industrial treatment facility is notavailable on or adjacent to the site, the primaryregulatory considerations for this option would betransportation regulations under the U.S. Departmentof Transportation or the states. The major factorsgoverning the transportation of liquids includeclassification, i.e. hazardous or nonhazardous, quantity,composition and method and route of shipment.
Additionally, if a wastewater is RCRA hazardous, amanifest system must be followed during shipment.Relevant U.S. Department of Transportationregulations can be found in the Code of FederalRegulations (49 CFR).
Other factors which must be considered includepretreatment considerations, surcharge fees and othereconomic considerations, volume ana duration, health.and risk assessment considerations, and technical and'economic alternatives, ___^ :,-.-=--- ~ _̂̂ ,™^

r--

oooo

Accepted industrial practice when economi
DRAFT DttchargtIndustrinI Treatment Work*
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justified. Performance data are not presented due to thespecific nature of each particular application.
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RELATED SITE
E2ERIENCE:

APPLICABLE
CHEMICALS OFINTEREST:

TECHNOLOGY

III

ii
i

DRAFT

waters and

POTW(Discharge)

Raw and treated groundwaters, surfaceprocess wastewaters.
Discharge according to the permit requirements of theparticular Publicly Owned Treatment Works (POTW).

Petroleum industry, wood treating industry, coke andcoal tar distillation industry, manufactured gas plants,chemical plants and other industries.

All chemicals of interest provided that pretreatmentlimitations can be economically achieved.

Established alternative with increasing applications dueto increasingly more stringent WDES requirements.Pilot-scale, fuU-scale.
Publicly Owned Treatment Works (POTW) are used fordomestic wastewater treatment as mandated by the
Clean Water Act of 1977. These systems typicallyconsist of several wastewater treatment processes,depending on the degree of treatment required. TheEPA was mandated by the Gcan Water Act to establishpretrcatment standards to control the introduction ofindustrial pollutants into POTWs. These regulations aretermed pretreatment standards and can vary fordifferent POTWs. States and local municipalities havealso been given authorization by the EPA to establishlimits for discharge of wastewater to these POTWs, butthese regulations must, at a minimum, be equivalent toFederal regulations. The more stringent of the Federaland state regulations usually apply to the dischargedwastewater. Amendments to the Clean Water Act havebeen issued as recently as 1987 and can be expected tobe amended further in the future. For MGP sites, thepretreatment of wastewater may be required prior to itsdischarge to a POTW.

Regulations governing discharges to POTWs depend onthe effluent standard that the POTW must meet, thetreatment capabilities of the POTW and the demand(hydraulic and pollutant) on the facility. All treatmentworks must obtain a National Pollution DischargeElimination System (NPDES) permit. Based on thuspermit, the governing authority of the treatment works(usually a city or county government) establishes criteria

o
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with which users of the system must comply.
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MEDIUM:

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS
OF INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION:

I

I

NTDES .,„(Discharge)

Raw and treated groundwaters, surface waters andprocess wastewaters.
Discharge according to a National Pollution DischargeElimination.System (NPDES) permit.

Petroleum industry, wood treating industry, coke andcoal tar distillation industry, chemical plants and otherindustries.

All chemicals of interest provided that dischargelimitations can be economically achieved.

Established alternative but increasingly more stringentpermit requirements have reduced its applicability. Full-scale.
This option requires a permit from the EPA that willallow for the discharge of wastewater to a receiving bodyof water (e.g., river, lake). These permits require thatthe wastewater discharge meet certain quality criteriaguidelines which are usually very stringent. Pursuance ofa National Pollution Discharge Elimination System(NPDES) permit is typically conducted only whendischarge to a POTW cannot be obtained. Conditionsthat could require the need of an NPDEIS permitinclude:
o No available sewer hook up with a POTW or noavailable industrial treatment facility,
o An unwillingness of POTW personnel to issue apermit and/or an unwillingness of neighboringindustrial facilities to accept offsite wastewatersand
o The discharge of a wastewater that will exceed(hydraulically or otherwise) the limitations of thePOTW,
The Federal Clean Water Act as amended in 1987provides the EPA with the authority to require aNPDES permit for any discharge of wastewater to areceiving body of water. This would include injection orland application if the discharge could contaminant ashallow aquifer or local surface waters. Additional

COoo

1 DRAFT N?DES
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I111I PERFORMANCE:

regulations as specified by the Coastal ZoneManagement Act may also need to be considered forcoastal areas.
The criteria established in an NPDES permit can varysignificantly from one location to another. In most case'sthe limits are negotiable. However, obtaining anNPDES permit can be a lengthy process. Other factorswhich must be considered tor this option includeeconomic considerations, pretreatment requirementsand proximity of the receiving body of water.
Accepted industrial practice where discharge limitationscan be economically achieved. Required performance isdetermined on a case by case basis by the regulatory
agency which regulates the specific discharge.Performance data are not presented due to the specificnature of each particular application.iii
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4.2 ON-SITE SOIL/RESIDUE DISPOSAL
ON-SITE LANDFILL
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I ERQCE^JVP£:

RELATED SITE

IIIII

APPLICABLECHEMICAJLS OF

TECHNOLOGY

ii

i
ii DRAFT

SITE LANDFILL(tut Mtu Containment)

soil or other
Storage

Past
and

Theoretically, all chemicals of interest if contained in a solidmatrix could be considered for "interim" or long termstorage using a landfill. Current regulations restrict use oflandfills based on free liquid content and toxicity ofchemicals.

Established Technology with changing modifications.
A secure landfill is a facility which provides long termisolation of waste materials while minimizing the release ofcontaminants to the environment. Secure landfills aredesigned to limit the release of leached contaminants intothe grcundwater, runoff to surface waters and dispersioninto the air. As regulatory requirements have become morerestrictive, the design criteria for landfills have becomeincreasingly stringent. Secure landfills are used for disposalof a wide variety of solid and semi-solid materials. Recentregulations have placed restrictions on the type of wastematerials which may be placed in landfills. Materials maybe prohibited on the basis of liquid content, reactivity and/orthe presence of highly toxic or unstable materials.

Newly-constructed or existing landfills are applicable for thedisposal of wastes and contaminated soils excavated as partof site cleanup and partiaJ or complete removal actions.These facilities have low permeability liners, leachatecollection systems and leak detection zones. They also havelow permeability caps that encapsulate the waste andprevent any migration of wastes from the landfill.
Variations of this design may satisfy the requirements ofRCR4 buMho^ jirc^

2 feet of cover soil suitable for vegetation

ON SITE LANDFILL(Ex Sit* ~
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PERFORMANCE:

I

1

1

I
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1 DRAFT
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III 4.3 OFF-SITE SOIL RESIDUE DISPOSAL
OFF-SITE LANDFILL
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MEDM'M:

PROCESS TYPE:
RELATED SITE
EXPERIENCE:

APPLICABLECHEMICALS OF
INTEREST:

IIIIIII

TECHNOLOGY
STATUS:
DESCRIPTION:

I

OFF SITE LANDFILL(Ex Situ Containment)

All solid waste residues, contaminated soilcontaminated solid materials
Storage

or other

Past practice (without currently, required engineering andmanagement controls).

Theoretically, all chemicals of interest if contained in a solidmatrix could be considered for "interim" or long termstorage using a landfill. Current regulations restrict use oflandfills based on free liquid content and toxicity ofchemicals

Established Technology with changing modifications
A secure landfill is a facility which provides long termisolation of waste materials while minimising the release ofcontaminants to the environment. Secure landfills aredesigned to limit the release of leached contaminants intothe groundwater, runoff to surface waters and dispersinginto the air. As regulatory requirements have become morerestrictive, the design criteria for landfills have becomeincreasingly stringent. Secure landfills are used for disposalof a wide variety of solid and semi-solid materials. Recentregulations have placed restrictions on the type of wastematerials which may be placed in landfills. Materials maybe prohibited on the basis of liquid content, reactivity and/orthe presence of highly toxic or unstable materials.
Newly-constructed or existing landfills are applicable for thedisposal of wastes and contaminated soils excavated as partof site cleanup and partial or complete removal actions.These facilities have low permeability liners, leachattcollection systems and leak detection zones. They also havelow permeability caps that encapsulate the waste andprevent any migration of wastes from the landfill.
Variations of this design may satisfy the requirements ofRCRA* but should include the following as a minimum:

I DRAFT OFF SITE LANDFILL(Ex Site Containment)
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EEREQRMANCE:

o Cap
* 2 fcet of cover soil suitable for vegetation
- Infiltration zone permeability of at least 10'3 cm/sec

ty material; permeabil itv less
- - - - - - - Synthetic membrane

- o Liner
«Leachate collection zone permeability of at least 10"- *cm/sec

Synthetic membrane
Leachate detection zone; permeability of at least IO"3

cm/sec
2 feet of low permeability material; permeability lessthan 10"'cm/sec

Off site disposal involves the excavation and removal ofwaste piles, contaminated soils and the transport of thesematerials to a suitable hazardous waste disposal facility.Under CERCLA, off site disposal will not require a perm'itfor hazardous waste transport; however, licensedtransporters are required to haul the material to a RCRA-permitted facility.
Preliminary estimates indicate that off site disposal may becost effective when dealing with sraalJ volumes of material.Off site disposal would essentially eliminate any long termeffects of the contaminants to the site area. Short termeffects might be more pronounced, however, because of thepublic health and environmental risks associated withtransport of wastes from the site. In addition, disposal ofwastes at a remote facility does not destroy the wastes, butonly relocates them.
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Figure 2 . 1 9 . Moisture components of landfills (Smith. i983).
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APPENDIX C
DETAILED COST ESTIMATES

FEASIBILITY STUDYSOUTH CAVALCADE SITE
HOUSTON, TEXAS

Prepared for:
KOPPERS CO., INC

PREVIOUSLY OPERATED PROPERTYPITTSBURGH, PENNSYLVANIA 15219

Preapred by:
KEYSTONE RESOURCES, INC.

V"*inrnoooo

Project No. 15737542

AUGUST 1988
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TABLE C4
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE I

i EQUIPMENT COST
1. Deep Well Installed
2. Signs
3. Health and SafetyDuring ConstructionFour weeks @ $4,000/week
4. Baseline Soil Sampling10 samples @ $935/sample

Capital Cost
Contingency Allowances(25% of Capital Costs)

TOTAL CAPITAL COSTS

CAPITALCOST
$50,000
$1,000

$16,000

$9,350
$76,350

$19,088

$95,438
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TABLE C-2 '""
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 1

NO ACTION ALTERNATIVE(Based on 365 Operating Days Annually)

A. ANALYSES
1. Sample Collec'ion Cost

$400/ man-day @ 12 man days plus travel
2. Monitoring Well Analyses

(PAH and Metals @ $935/well
Twice per year from 6 wells)

3. Soil Analyses
PAH and Metals @ $935/sampleone time a year from threelocations

SUBTOTAL A

B. REPLACEMENT COSTS
1 Well casing replacement

SUBTOTAL B

ANNUAL
COST

$8,800

$11,220

$2,805

$22,805

$5,000

$5,000

m
to
COoo

TOTAL ANNUAL OPERATING COSTS (A+B)

PRESENT WORTH FOR ALTERNATIVE 1
NO ACTION (10% INTEREST RATE AND30 YEAR DURATION)

$27,825

$384,000

i
C-2
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TABLE C-3
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE 2

»

11
•
•1I111111
1mii

EQUIPMENT COST QUANTITY UNIT

A. STABILIZATION
1. Break Up Soil 30,000 CY
2. Mixing and

Stabilization 45,000 TONS
3. Surface

Compact 15,500 SY
SUBTOTAL A STABILIZATION COSTS

B. CONCRETE CAP
1. Site Preparation 15,500 SY
2. Aggregate Base 15,500 SY(12 inch high)
3, Vapor Barrier 15,500 SY
4. Concrete Pavement

(8 inch thick) 15,500 SY
SUBTOTAL B-CONCRETE CAP

C, INDIRECT COSTS
1. Engineering Costs (5% of A+ B)
2. Adminstration (5% of A-f B)
3, Laboratory & Pilot Study
4. Construction Management (5% of A-t-B)
5. Laboratory Analysis (100 samples @ $935/sample)
SUBTOTAL C

Capital Costs
Contingency Allowances (25% of. Capital Costs)
TOTAL CAPITAL COSTS ALTERNATIVE 3

UNIT CAPITAL
COST COST

$8.00 $240,000

$200.00 $9,000,000

$2.00 $31,000
59,271,000

$1.50 $23,250
$5.00 $77,500

$.50 $7,750

$25.00 $387,500
$496,000

$490,000
$490,000
$100,000
$490,000
$93,500

$1,663,500
$11,430,500

$2,858,000
$14,288,500

._- .--.*=;
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TABLE C-4
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH/-n--- > - j- -.,- ^,« riu.an.iN-f WORTH COSTS FOR ALTERNATIVE 2(Based on 365 Operating Days Annually)

A. MAINTENANCE
1. Concrete Cap

(10% of Subtotal BConcrete Capital Costs)
SUBTOTALA

TOTAL ANNUAL OPERATING COSTS A

ANNUAL
COSTS

$50,000
$50,000

$50,000

$14,800,000
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TABLE C-S
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 3
EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL

COST COST
A. EXCAVATION

1.
2.
3.

Excavation
Import Fill
Backfill/Seed

30,000
30,000

30,000

CY
CY

CY

$8.00
$5.00

$4.00

$240,000
$150,000

$120,000

SUBTOTAL A EXCAVATION
B. OFF-SITE LANDFILL

1. Disposal @20 Tons/LoadHauling 2250
150 miles @ S4/Miles

2. MaterialDisposal 45,000

$510,000

LOADS $600.00 $1,350,000

TONS $125.00 $5,625,000

SUBTOTAL B OFF-SITE LANDFILL

C. INDIRECT COSTS
1. Engineering Costs 10% cf A
2. Administration [10% of (A-f B less disposal fee)]
3. Construction Management [10% of (A4-B less disposal fee)]
4. Laboratory Analysis 100 samples @ $935/sample
SUBTOTAL C INDIRECT COSTS

Capital Costs (A+B+C)
Contingency Allowances (25% ofCapital Costs)

$6,975,000

$51,000
$186,000
$186,000

$93,500
$516,500

$8,001,500

$2,000,000
TOTAL CAPITAL COSTS ALTERNATIVE 3 $10,000,000
THERE ARE NO O & M COSTS ASSOCIATED WITH THIS ALTERNATIVE
PRESENT WORTH FOR ALTERNATIVE 3(10% INTEREST RATE AND 30 YEAR
DURATION)

in
t^\
COoo

$10,000,000
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TABLE C-6
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE 4

SOIL WASHING TREATMENT OPTION
EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
——————— ——————— - —— =, ———— ^v^i y^wt

A. MATERIAL HANDLING
1. Excavate
2. Mixing

& Handling
3. Backfill

& Compact

30,000

30,000

32,000

SUBTOTAL A MATERIAL HANDLING

CY $8.00 $240,000

CY $15.00 $450,000
CY $3-50 $120,000

$810,000
B. SOIL WASHING

1. TreatmentSystem
Mobilization
/Demobilization

2. Treatment
EquipmentRental

3. OperatingMaterials
4. Miscellaneous

SUBTOTAL B SOIL WASHING

LS $15,000.00 $15,000

60

1
1

MO $58,000.00 $3,480,000

LS $50,000.00
IS $40,000.00

C. INDIRECT COSTS
1. Engineering Costs (10%ofA+B)
2. Administration (15% of A-f B)
3. Laboratory Analysis (100 samples @$935/sample)

SUBTOTAL C INDIRECT COSTS_ ,„___::_

$50,000
$40,000

$3,585,000

$440,000
$660,000

$93,500
:4lfi93,500

irv
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TABLE 06 (CONTINUED)

EQUIPMENT COST

Capital Costs (A +9+C)
Contingency Aliowances(25% ofCapital Costs)

COST To'Jf

$5.588,500

$1,397,000

THERE ARE NO O&M COST ASSOCIATED WITH THIS ALTERNATIVE
PRESENT WORTH FOR ALTERNATIVE 4
SOIL WASHING TREATMENT OPTIONf1f\C7, IW'TKTin*«r"^ w* * ~"~ - - - -

$6,986,000

_ ,—^,»..>«-,i^i vrm(10% INTEREST RATE AND 30 YEARDURATION)
$7,000,000
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TABLE 07
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 4ON-SITE INCINERATION TREATMENT OPTION
EQUIPMENT COST QUANTITY UNIT

A. MATERIAL HANDLING
1. Excavate
2. Mixing

& Handling
3. Import Fill
4. Backfill<& Compact

-3U.UOU

30,000
10,000

CY

CY
CY

$8.00

$15.00
t/i f\f\

$240,000

$450,000

30,000

SUBTOTAL A MATERIAL HANDLING

B. ON-SITE INCINERATION
1. TreatmentSystem

Mobilization/Demobilization
2. Treatment

EquipmentRental 30,000

$40,000
CY

SUBTOTAL B ON-SITE INCINERATION

C. INDIRECT COSTS
1. Engineering Costs (5% of A+B)
2. Administration (15% of A+B)
3. Samples Analyses (100 samples @ $935/sample

SUBTOTAL C INDIRECT COSTS

53-50 $105,000

$835,000

515,000.00 $15,000

$200.00 $6,000,000

$6,015,000

$340,000
$1,000,000

$93,500

$1,433,500
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TABLE C-7 (CONTINUED)

EQUIPMENT COST QUANTITY UNIT UNIT
COST CAPITALCOST

Capital Costs (A+B+C)
Contingency Allowances(25% ofCapital Costs) v $8,283,500

$2,071,000TOTAL CAPITAL COSTS ALTERNATIVE 4
ON-SITE INCINERATION TREATMENT OPTION $10,354,000
THERE ARE NO O&M COST ASSOCIATED WITH THIS ALTERNATIVE
PRESENT WORTH FOR ALTERNATIVE 4
ON-SITE INCINERATION TREATMENT OPTION(10% INTEREST RATE AND 30 YEAR
DURATION) $10,400,000

O
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TABLE OS
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 5BIORECLAMATION SOIL TREATMENT OPTION11
B•

iii
1iiiii
1

1
I

EQUIPMENT QUANTITY UNIT

A. INSTALIATION
1. Excavatetrenches 500 LF
2. Install

and CoverPipe 500 LF
2. Install

PercolationPipe 8,900 LF
4. Surface Cover 3,200 CY
5. InstallFence 4,300 LF

SUBTOTAL A INSTALLATION COSTS
B. DISPOSAL

1. Material
Disposal 85 TONS

2. Hauling150 miles @ $4/mile 5 LOADS
3, Repair

Pavement 800 SF
SUBTOTAL B DISPOSAL COSTS

C INDIRECT
1. Engineering (10% A&B)
2. Administration (10% A&B)
3. Construction Management (10% A&B)
4. Laboratory analysis 100 Samples @ $935/Sample
5. PilotStudy ._—.._ . :

SUBTOTAL C INDIRECT COSTS

C-10

UNIT CAPITALCOST COST

$3.00 $1,500

$5.00 $2,500

$2.00 $17,800 *~
$10.00 32,000 ^

CO
$15.00 $64.500 Q

$118,300

$125.00 $10,600

$600.00 $3,000

$20.00 $16.000
$29,600

$15,000
$15,000
$15,000
$93,500

<t i on 000
$238,500

008361
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TABLE C-8 (continued)
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE SBIORECLAMATION SOIL TOEATMENT OPTION
EQUIPMENT QUANTITY UNIT UNITCOST

i
Capital Costs (A+B+C)
Contingency Allowances (25% ofCapital Costs)
TOTAL CAPITAL COSTS

CAPITALCOST
$386,400

.496,600
$483,000

CM

iii
ii
i

CO
O

I
I C-ll
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TABLE C-9
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE

BIORECLAMATION SOIL TREATMENT OPTION

A. MAINTENANCE

1. Miscellaneous cost
(fence, percolation pipe, etc.)

SUBTOTAL A MAINTENANCE

TOTAL ANNUAL OPERATING COST A
FOR ALTERNATIVE 5SOIL TREATMENT OPTION

ANNUAL
COSTS

$5,000

$5,000

$5,000

$530,000

00
O
O

C-12
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I TABLE C-iO
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOE ALTERNATIVE 5SOIL FLUSHING TREATMENT OPTIONI111

111
1

1*1

EQUIPMENT QUANTITY UNIT

A. INSTALLATION
1. Excavatetrenches 500 LF
2. Install

and CoverPipe 500 LF
2. Install

PercolationPipe 8,900 LF
4. Surface Cover 3,200 CY
5. InstallFence 4,300 LF

SUBTOTAL A INSTALLATION COSTS
B. DISPOSAL

1. Material
Disposal 85 TONS

2. Hauling
150 miles @ $4/roiIe 5 LOADS

3. RepairPavement 800 SF
SUBTOTAL B DISPOSAL COSTS

C INDIRECT
1. Engineering (10% A&B)
2. Administration (10% A&B)
3. Construction Management (10% A&B)
4. Laboratory analysis 100 Samples @ $935/SampIe
5 . Pilot Study - - - • - . . . . . . . . . . - -
SUBTOTAL C INDIRECT COSTS

UNITCOST

$3.00

$5.00

$2.00
$10.00

$15.00

$125.00

$600.00

$20.00

CAPITALCOST

.. $UQQ .,

$2,500

$17,800
32,000

$64,500

$118,300

$10,600

$3,000

$16.000
$29,600

$15,000
$15,000
$15,000

$193,500
^ $100.QQQ

$238,500

o

C-13
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TABLE C-10 (continued)~*^P
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE S

SOIL FLUSHING TREATMENT OPTION

EQUIPMENT QUANTITY UNIT UNIT
COST

CAPITAL
COST

Capital Costs (A+B+C)
Contingency Allowances (25% of
Capital Costs)
TOTAL CAPITAL COSTS

$386,400

S96JOO
-$483,000

in
vO
¥\
CO
Oo

IIII C-14
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TABLE C-ll
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE

SOIL FLUSHING SOIL TREATMENT OPTION

A. MAINTENANCE
1. Miscellaneous cost

(fence, percolation pipe, etc.)

SUBTOTAL A MAINTENANCE

TOTAL ANNUAL OPERATING COST A

PRESENT WORTH FOR ALTERNATIVE 5
SOIL FLUSHING SOIL TREATMENT OPTION

ANNUALCOSTS

$1000

$5,000

$5,000

$530,000

CO
O
O

C-15
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EQUIPMENT COST

TABLE C-12
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 6

QUANTITY UNIT UNIT
COST CAPITALCOST

A- EXCAVATE
1. Excavate
2. Import

Fill
3. Backfill/Seed
SUBTOTAL A EXCAVATE

B. OFF-SITE INCINERATION
1. Hauling

25 miles @ $4/mile

30,000

30tOOO

30,000

CY

CY

CY

S8.00

$5.00

$4.00

$240,000

$150,000

$120.000

2,300 LOADS
2. IncinerateSoil
SUBTOTALS

$100.00

30,000 CY $1500.00
OFF-SITE INCINERATION

C. INDIRECT
1. Engineering (1%A&B)
2. Administration (5% A&B)
3. Laboratoiy analysis 100 Samples @ 935/sampIe
SUBTOTAL C INDIRECT

Capital Costs (A-t-B+C)
Contingency Allowances (25% ofCapital Costs)
TOTAL CAPITAL COST

THERE IS NO O&M COSTS ASSOCIATED WITH THIS ALTERNATIVE
PRESENT WORTH FOR ALTERNATIVE 6(10% INTEREST RATE AND 30 YEARDUKAli'ON)

$510,000

$230,000

$45.000.000
$45,230,000

$635,000
$3,175,000

$9.3.500
$3,903,500

$49,643,500
$12.41 LOGO
$62,055,000

r-
vO
tA
oooo

$62,000,000

C-16
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TABLE C-13
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE

EQUIPMENT COST QUANTITY UNIT UNIT
COST

A, Collection and Recharge^ Systems
1. Deep Well Installed
2. Excavate Trenches 8,400 LF $1/LF
3. Install Trench Piping 10,300 LF S4/LF
4. Cover Pipe Clean Fiil 950 CY S10/CY
5, Pavement Demolition 750 SF S12/SF
6, Pavement Repair 750 SF $20VSF
7. Material Disposal 1400 tons $125/ton
8. Disposal Hauling 70 loads $600/load
9. Well Casings

(108@$5,000/casing)
10. Pumps (non centrifugal)(lOSQS^OOO/pump)
11. Pump Piping

COLLECTION AND
RECHARGE SYSTEM DIRECT COST
Indirect Cost

1. Engineering Costs (10% of A&B)
2, Administration (10% of A&B)
3. Construction Management (10% of A&B)

'r*/"V'T< A T *"<*"*¥ ¥ f /~«T *~\ » f A krr^ *•»»•» *"vrr * T*^*" **• O"* rfrvrr*i *TOTAL COLLECTION AND RECHARGE SYSTEMINDIRECT COSTS
SUBTOTAL A COLLECTION ANDRECHARGE SYSTEM

7
CAPITAL
CAPITALTOSTv^w o *

$50,000
$8,400

$41,200
$9,500
$9,000

$20,000
$175,000
$42,000

$540,000

$756,000
$60,000

$1,711,100

170,000
170,000
170,000

$510,000

$2,221,100

. .~

CO
vO
K-*
OD
O
O

C-17
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TABLE C-13 (CONTINUED)DETAIL cssgjg^™
EQUIPMENTCOST QUANTny
„ ______ _______
I " —————— - ————————————— ———— ———————————— ~ . _____

B. Physical/Chemical Separation System
1. Equalization Tank "~""5,000 gallons
2. API Separator
3. Dehvdrator5..000 gallons
4. Effluent Tank

3,000 gallons
c £±en<E^aIi2a<''oriTank5,000 gallons
6. Polymer System
?. Polymer Pumps
8. pH Adjustment System
9. pH Pumps
10. Sludge Pumps
11. Effluent Pumps
12. Air Compressors (2}100cfm@25HP
13. Instrument Air Dryer (2)
14. Piping
15. Electrical
16. Instrumentation
17- Foundations andConcrete Work
18. Building

JsaassgsgBgg&c^""•-"-«• i \--v/iJlO

C-18

RNTAT1VE7
CAPITAL

UMj; CAPITALCOST COST~ ———— - ——— -. _____ _.

$30,000
$126,000

$15,000
O^

$15,000 ^>
N^
00$20,000 0

$15,000 °
$3,500

$10,000
$5,000
$6,500
$7,500

$16,000
$13,500
$75,000
$15,000
$18,000

$35,000
$60,000

. . _ > .
~ li

$486,500

008369



TABLE C-13 (CONTINUED)
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 7
EQUIPMENT COST QUANTITY UNIT UNIT

COST

1. Engineering (10% of Direct Cost)
2. Construction Equipment Rental (Lump Sum)
3. Construction Supervision (Lump Sum)
4. Start-Up (Lump Sum)

TOTAL PHYSICAL/CHEMICAL
SEPARATION SYSTEM INDIRECT COSTS

SUBTOTAL B OIL/WATER
SEPARATION SYSTEM

C. Miscellaneous Costs

1. Costs of Health and SafetyRequirements DuringConstruction
2. State and Local Fees,Permits.etc.

SUBTOTAL C MISCELLANEOUS COSTS

CAPITAL COSTS (A+ B+C)

Contingency Allowances (25% of capital costs)

CAPITAL
COST

$48,000
$1Q,QOQ
-$5,000
$3,000

$66,000

$552,500

$16,000

$5,000

$21,000

$2,800,000

$700,000

O
r-
ra
oo
oo

TOTAL CAPITAL COSTS ALTERNATIVE 7 $3,500,000

C-19
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TABLE C-14
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORT- COSTS FOR ALTCRNAUVE 7(Based on 365 Operating Days Annually) "wlE'K™vllvli 7

A. CHEMICALS

1. Polymer
($130/day)

2. Hydrogen Peroxide @ 50%(241b/day@$0.3225/Ib)
3. Sodium Nitrate

(18Ib/day@$34.50/1001bs
SUBTOTALA

B. ELECTRICITY
1- 64,000 kwh@$0.06/kwh(Assumes 8 hour operation)

SUBTOTALS

C. SLUDGE DISPOSAL
1. 150 tons @$225/ton

SUBTOTAL C
D. MANPOWER

1. Operator 8 hour/day @ $25/hour
2. Guard 12 hour/day @ $18/hour

SUBTOTALD

.ANNUAL
COST

$47,500
$3,000

$3,300

$53,000

$4,OCO

$4,000

$33,750

$33,750

$73,000
$78,840

oooo

$151,840

C-20
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TABLE C-14 (CONTINUED)
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 7
(Based on 365 Operating Days Annually)

ANNUAL
__________ ______ COST
E. ANALYSES

1. Monitoring Well Analyses
(10 wells @ $935/well per year)

2. Collection of Samples
3. Replacement of casings

(SS.OOO/year)
4. Treatment System Effluent

Sampling
($48,600/year)

SUBTOTAL E

F. MAINTENANCE

$9,350
$8,800

$5,000

$48,600

$71,750

CM

COoo

i
1. Two Percent of GroundwaterTreatment System Cost

SUBTOTAL F

$10,850

$10,850

TOTAL ANNUAL OPERATING COSTS
(A+B4-C+D+E+F) $325,190

i PRESENT WORTH FOR ALTERNATIVE 7
(10% INTEREST RATE AND 30 YEAR
DURATION) $6,500,000

iii O21

008372



TABLE C-15
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 1
•11
1B
|ii••iiiiii
•

a

EQUIPMENT COST

A. Collection and Recharge
Systems

1. Deep Well Installed
2. Excavate Trenches 8,400 LF
3. Install Trench Piping 10,300 LF
4. Cover Pipe Clean Fill 950 CY
5. Pavement Demolition 750 SF
6, Pavement Repair 750 SF
7. Material Disposal 1400 tons
8. Disposal Hauling 70 loads
9. Well Casings

(108 @ $5,000/casing)
10. Pumps (non centrifugal)(108 @ $7,000/pump)
11. Pump Piping

COLLECTION ANDRECHARGE SYSTEM DIRECT COST
Indirect Cost

1. Engineering Costs (10% of A&B)
2. Administration (10% of A&B)
3. Construction Management (10% of A&B)

TOTAL COLLECTION AND RECHARGE SYSTEM
INDIRECT COSTS
SUBTOTAL A COLLECTION AND
RECHARGE SYSTEM

CAPITAL
COST

. . . . . . . . . . . . . .
. $5Q,gpo

$1/LF $8,400
$4/LF $41,200

$10/CY $9,500 h^
S12/SF $9,000 J^
S20/SF $20,000 COO

$125/ton $175,000 o
$600/load $42,000

$540,000

$756,000
$60,000

$1,711,100

170,000
170,000
170,000

$510,000

$2,221,100

C-22
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TABLE C-1S (CONTINUED)
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 1

EQUIPMENT COST

B. Site Groundwater Treatment
System . . . . . . . . . . . . . .
1. Equalization Tanks5,000 gallons" G*

2. API Separator
3. Dehvdrator

5,000 gallons
4, Effluent Tank

3,000 gallons
5. Nutrient Equalization Tank5,000 gallons
6. Polymer System
7. Polymer Pumps
8. pH Adjustment System
9. pH Pumps
10. Granular Media Filtration
11. Carbon Feed Tank3,000 gallons
12. Carbon Feed Pumps

CAPITAL
COST

$30,000
$126,000

$15,000

$15,000

$20,000
$15,000
$3,500

$10,000
$5,000

$20,000

$15,000
$9,500

----.

e — \-"r-r»
COoo

13. Carbon Unit $90,000
14. Sludge Pumps
15. Effluent Pumps $6,500

$7,500
16. Air Compressors (2)100cfm@25HP
17. Instrument Air Dryer (2)

$16,000

C-23
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TABLE C-15 (CONTINUED)
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 1

EQUIPMENT COST

18. Piping
19. Electrical
20. Instrumentation
21. Foundations and

Concrete Work
22. Building

Total On Site
Groundwater TreatmentSystem Direct Costs

CAPITAL
COST

$95^00
$35,000
$40,000

$56,000
$65,000

$708,500

in
r-rA
COoo

1 Engineering (10% of Direct costs)
2. Construction Equipment Rental (Lump Sum)
3. Construction Supervision (Lump Sum)
4. Start-Up (Lump Sum)

$75,000
$10,000

$5,000
$3,000

ii

Total On SiteGroundwater Treatment
System Indirect Costs

SUBTOTAL C ON-SITE GROUNDWATERTREATMENT SYSTEM

$93,000

$801,500

i C-24

008375



TABLE C-iS (CONTINUED)
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE 8GROUNDWATER TREATMENT OPTION I

EQUIPMENT COST

C. Miscellaneous Costs

1. Costs of Health and SafetyRequirements DuringConstruction
2. State and Local Fees,Permits,etc.

SUBTOTAL C MISCELLANEOUS COSTS
CAPITAL COSTS (A+B+C)
Contingency Allowances (25% ofcapital costs)

CAPITAL
COST

$16,000

$5,000

$21,000
$3,043,600

$761,000

$3,805,000

MD

oooo

C25
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TABLE C-16
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 1

(Based on 365 Operating Days Annually)

ANNUAL_____________- - - - - - - - COST
A. CHEMICALS

1. Polymer
($130/day)

2. Surfactants(1301b/day@Sl.76/day)
3. Carbon Replacement

(70,000 Ibstyear @ $1.00/lb)

SUBTOTALA
B. ELECTRICITY

1. 131,000 kwh @ $0.06/kwh(Assumes 8 hourcompressor operation)

SUBTOTAL B

C. SLUDGE DISPOSAL
1. 150 tons @ $225/ton

SUBTOTAL C

D. MANPOWER

1. Operator 8 hour/day @ $25/hour
2. Guard 12 hour/day @ $18/hour

SUBTOTALD

C-26

547,500

$83,500

570,000

$201,000

$7,860

$7,860

33,750

$33,750

73,000
78,840

"$151,840

CO
Oo

008377
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TABLE C-16 (CONTINUED)
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERN
GROUKDWATER TREATMENT OPTION 1(Based on 365 Operating Days Annually)

ATIVE8

E. ANALYSES
1. Monitoring Well Analyses(10 wells <g $935AveII per year)
2. Collection of Samples
3. Replacement of casings/<<nnn\,—*

4. Treatment System EffluentSamplin

SUBTOTAL E
F. MAINTENANCE

I. Two Percent of GroundwaterTreatment System Cost

SUBTOTAL F

TOTAL ANNUAL OPERATING COSTS(A+B-fC+D-fE+F)

PRESENT WORTH FOR ALTERNATIVE 8GROUNDWATER TREATMENT OPTION 1(1 0% INTEREST RATE AND 30 YEARDURATION)

C-27

ANNUALCOST

9,350
8.800

5,000

48,600

$7 lt

S 16,000

$16,000

$482,220

$8,300,000

00

00oo

008378



TABLE C-17
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 2

iii

EQUIPMENT COST
A. Collection and RechargeSystems

L Deep Well Installed
2. Excavate Trenches 8t400 LF
3. Install Trench Piping 10,300 LF
4. Cover Pipe Clean Fill 950 CY
5. Pavement Demolition 750 SF
6. Pavement Repair 750 SF
7 Material Disposal 1400 tons
8. Disposal Hauling 70 loads
9. Well Casings(108®$5,000/casing)
10. Pumps (non centrifugal)(108@$7,000/pump)
11. Pump Piping

COLLECTION AND
RECHARGE SYSTEM DIRECT COST
Indirect Cost

1. Engineering Costs (10% of A&B)
2. Administration (10% of A&B)
3. Construction Management ( 10% of A&B)

TOTAL COLLECTION AND RECHARGE SYSTEMINDIRECT COSTS
SUBTOTAL A COLLECTION ANDRECHARGE SYSTEM

CAPITALCOST
- - - -. - •- —

$50,000
$1/LF $8,400
S4/LF $41,200

$10/CY $9,500 ^
$12/SF $9,000 0̂0
$20/SF $20,000 0

$125/ton $175,000
$600/load $42,000

$540,000

$756,000
$60,000

$1,711,100

170,000
170,000
170,000

$510,000

$2,221.100

C-28
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TABLE C-17 (CONTINUED)
SOUTH CAVALCADE SITEDETAILED COST ESTIMATE FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 2

EQUIPMENT COST CAPITALCOST
B. On-Site Groundwater TreatmentSystem

1.

2,
3.

4.

5.

6.
7.
8.
9.
10.

11.
12.
13,
14.

15.
16.
17.

Equalization Tanks5,000 gallons
API Separator
Dehydraior5,000 gallons
Effluent Tank3,000 gallons
Nutrient Equalization Tank5,000 gallons
Polymer System
Polymer Pumps
pH Adjustment System
pH Pumps
Air Striping Feed Tank3,000 gallons
Air Stripper Feed Pumps
Air Stripping Column
Granular Media Filtration
Carbon Feed Tank3,000 gallons
Carbon Feed Pumps
Carbon Unit
Sludge Pumps

$30,000
5126,000

$15,000

$15,000

$20,000
$15,000
$3,500

$10,000
$5,000

$15,000
$9,500

$30,000
$20,000

$15,000
$9,500

$90,000
$6,500

c
COro
COoo

C-29
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TABLE C-17(CONTINUED)
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 2 ::

EQUIPMENT COST
18. Effluent Pumps
19. Air Compressors (2)100cfm@25HP
20. Instrument Air Dryer (2)
21. Piping
22. Electrical
23. Instrumentation
24. Foundations andConcrete Work
25. Building

. —TV\*Vl f /*\fc' CIT171OIAL O*N-Mlfc,
GROUNDWATER TREATMENTSYSTEM DIRECT COSTS

1. Engineering (10% of Direct Costs)
2. Construction Equipment Rental (Lump Sum)
3. Construction Supervision (Lump Sum)
4. Start-Up (Lump Sum)

— -«*1V\TA t /"»HF tlTTlOlALON-Mlfc,
GROUNDWATER TREATMENTSYSTEM INDIRECT COSTS__ . _ _.._,. _ - - . - - - — - — ------ ~ - _ . - - _ . _ _ _ . . . _. - . .- ~ —— — — *~

- - - - - • ' ' ' " " " -saw-

SUBTOTAL B ON-SITE GROUNDWATERTREATMENT SYSTEM

C-30

CAPITALCOST

$7^500

$16.000
$13.500

$110.000
$50.000

$100,000

$75,000
$65,000

$872,000

$89,QGQ
$10,000
$5,000
$3,000

$107,000 -_ —

$979,000

;

' . : ' -::--—'

T—

ODto
00
O
O

———-—_ __^

: ̂ .JsS
. -~,^-~*. -̂"TX^ •'-*• :'-*-^

~i
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TABLE C-17
(CONTINUED)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 2

EQUIPMENT COST

C. Miscellaneous Costs

1. Costs cf Health and SafetyRequirements DuringConstruction
2. State and Local Fees,Permits,etc.

SUBTOTAL C-MISCELLANEOUS COSTS
CAPITAL COSTS (A+B+C)
Contingency Allowances (25% ofcapital costs)
TOTAL CAPITAL COSTS ALTERNATIVE 8GROUNDWATER TREATMENT OPTION 2

CAPITALCOST

$16,000

$5,000

$21,000
$3,221,100

$805,300

$4,026,400

CM
COm
CO
O
O

C-31
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TABLE C-18
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 2(Based on 365 Operating Days Annually)

A. CHEMICALS
1. Polymer

($130/day)
2. Surfactants

(130lb/day@$1.76/day)
3. Carbon Replacement

(63,000 Ibs/year @ $l.QO/lb)

SUBTOTAL A
B. ELECTRICITY

1. 160,000 kwh @ $0.06/kwh
(Assumes 8 hour
compressor operation)

SUBTOTAL B

"ANNUAL
COST

C. SLUDGE DISPOSAL
i. 150 tons @ $225/ton

SUBTOTAL C

D. MANPOWER

1. Operator 8 hour/day @ $25/hour
2. Guard 12 hour/day @ $18/hour

SUBTOTALD

C-32

$47,500

$83,500

$63,000

$194,000

$9,600

$9,600

$33,750

$33,750

$73,000
$78,840

$151,840

00
i*~l

00o
o
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III TABLE C-18 (CONTINUED)
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE
GROUNDWATER TREATMENT OPTION 2(Based on 365 Operating Days Annually)

iiiii

ANNUALCOST
E. ANALYSES

1. Monitoring Well Analyses
(10 wells @ $935/well per year)

2. Collection of Samples
3. Replacement of casings(SS.OOO/year)
4. Treatment System EffluentSampling

($48,600/year)

SUBTOTAL E
F. MAINTENANCE

1. Two Percent of GroundwaterTreatment System Cost

SUBTOTAL F

$9,350
$8,800

$5,000

$48,600

$71,750

$19,000

coro
CD
oo

$19,000

TOTAL ANNUAL OPERATING COSTS(A+B-fC-fD-t-E+F)

PRESENT WORTH FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION'2(10% INTEREST RATE AND 30 YE\RDURATION)

$479,960

$8,500,000

C-33
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TABLE C-I9
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE
GROUNDWATER TREATMENT OPTION 3

EQUIPMENT COST

A. Collection and RechargeSystems
1. Deep Well Installed
2. Excavate Trenches
3. Install Trench Piping
4. Cover Pipe Clean Fill
5. Pavement Demolition
6. Pavement Repair
7. Material Disposal
8. Disposal Hauling
9. Well Casings

( lOStgS
10. Pumps (non centrifugal)(108@$7,000/pump)

•f.~1 1. Pump Piping
COLLECTION AND
RECHARGE SYSTEM DIRECT COST
Indirect Cost

1. Engineering Costs (10% of A&B)
2. Administration (10% of A&B)
3. Construction Management (10% of A&B)

TOTAL COLLECTION AND RECHARGE SYSTEMINDIRECT COSTS
SUBTOTAL A COLLECTION ANDRECHARGE SYSTEM

™ —— CAPITAL

8,400
10,300

950
750
750

1400
70

LF $i/LF
LF S4/LF

CY $10/CY
SF $12/SF
SF $20/SF

tons $125/ton
loads $600/load

COST

$50,000
$8,400

$41,200
$9,500
$9,000

$20,000
$175,000

J42,GOO

$540,000

$756,000
$60,000

in
CO
ro
COoo

$1,711,100

170,000
170,000
170,000

; 1510,000

$2,221,100
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DETAILED COST
GROUNDWA

EQUIPMENT COST
. — — ^-?"r^ — = —— ' — — —— ; —— ' r- r - — f '" ——— '-*- — '—• •

B. On-Site Groundwater TreatmentSystem
1. Equalization Tanks5,000 gallons
2. API Separator
3. Dehydrator5,000 gallons
4. Effluent Tank3,000 gallons
5. Nutrient Equalization Tank5,000 gallons
6. Polymer System
7, Polymer Pumps
8. pH Adjustment System
9. pH Pumps
10. Aeration Tank

150,000 gallons
IK Agitators
12. Clarifier

100,000 gallons
13. Recycle Sludge Pumps
14. Sludge Pumps
15. Effluent Pumps
16. Air Compressors (2)100cfm@25HP

C

TABLE C-19 (CONTINUED)
SOUTH CAVALCADE SITE

TIMATE FOR ALTERNATIVE 8
R TREATMENT OPTION 3

CAPITALCOST

$30,000
$126,000

$15,000

$15,000

$20,000
$15,000
$3,500

$10,000
$5,000

$200,000
$38,500

$170,000

$5,500
$6,500
$7,500

~$ 16,000

CO
KN
CO
O
O
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TABLE C-19 (CONTINUED)
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE
GROUNDWATER TREATMENT OPTION 3

EQUIPMENT COST
Instrument Air Dryer (2)
Piping
Electrical
Instrumentation
Foundations andConcrete Work
Building

TOTAL ON-SITE
GROUNDWATER TREATMENTSYSTEM DIRECT COSTS

20.
21.

1.
2.
3.
4.

Engineering (10% of Direct Costs)
Construction Equipment Rental (Lump Sum)
Construction Supervision (Lump Sum)
Start-Up (Lump Sum)

TOTAL ON-SITE
^^7>WATE
SYSTEM INDIRECT COSTS

CAPITALCOST
$13,500

$155,000
$75,000

$150,000

$85,000
$80,000

$1,212,000

$120,000
$10,000
$5,000
$3,000

$138 (000

$1,380,000

r-
cc
K\
CCoo
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TABLE C-19 (CONTINUED)
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3

EQUIPMENT COST
C. Miscellaneous Costs

Costs of Hea'-'h and SafetyRequirements DuringConstruction
State and Local Fees,Permits.etc.

SUBTOTAL C MISCELLANEOUS COSTS
CAPITAL COSTS (A+B+C)
Contingency Allowances (25% ofcapital costs)
TOTAL CAPITAL COSTS ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3

CAPITAL
COST

S 16,000

$5,000

$21,000
$3,592,100

$898,000

$4,490,100

00
COrn
COo
o
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TABLE C-20
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE
GROUNDWATER TREATMENT OPTION 3(Based on 365 Operating Days Annually)

ANNUAL
___________________________ COST
A. CHEMICALS

1. Polymer($130/day)
2. Surfactants

(1601b/day(S)$1.76/day)

SUBTOTALA
B. ELECTRICITY

1. 200,000 kwh @ S0.06/kwh(Assumes 8 hour
compressor operation)

SUBTOTAL B

C. SLUDGE DISPOSAL
1. 180 tons @ $225/ton

SUBTOTALC

D. MANPOWER

1. Operator 8 hour/day @ $25/hour
2. Gua'.d 12 hour/day @ 18/hour

SUBTOTALD

$47,500

$103,500

$151,000

$12,000

$12,000

$40,500

$40,500

73,000
78,840

O
O
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TABLE C-20 (CONTINUED)
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3(Based on 365 Operating Days Annually)

ANNUALCOST

E ANALYSES
1. Monitoring Well Analyses(10 wells @ $935/we!I per year)
2. Collection of Samples
3. Replacement of casings(SS.GOOyear)
4. Treatment System EffluentSampling($48t600/year)

SUBTOTAL E
F. MAINTENANCE

9,350
8,800

5,000

48,600

$71,750

a
K,
CO
O

L Two Percent of GroundwaterTreatment System Cost

SUBTOTAL F

$27,000

527,000

TOTAL ANNUAL OPERATING COSTS
(A+B+C+D+E+F) $454,110

PRESENT WORTH FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3(10% INTEREST RATE AND 30 YEARDURATION) $8,700,000
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